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The Analytical Ultracentrifuge 

... now more useful than ever 

for studying molecules 

Density Gradients 

Macromolecules of nearly identical density can be 
separated and measured by the powerful, rapidly devel- 
oping technique of density gradient ultracentrifugation. 
A solution such as cesium chloride is centrifuged with 
the sample and a concentration gradient created in the 
cell by centrifugal force. The macromolecules of sample 
seek the level in the cell corresponding to their own 
density. The resultant discrete bands can be photographed 
by absorption optics. 

An example of the extreme power of this method 
is shown here in the separation of DNA’s, one contain- 
ing N,,, the other N,.. 

A summary of density gradient techniques for both 
analytical and preparative ultracentrifuges has been pub- 
lished by Spinco and copies are available on request. 

Determinations 

of Multiple 

Samples 

An ingenious ultracentrifuge cell in which equilib- 
rium conditions can be reached rapidly on multiple 
samples has been described by David Yphantis of the 
Rockefeller Institute. 

The cell features multiple filling reservoirs and meas- 
uring chambers which allow a number of sample-solvent 
pairs to be studied simultaneously. The use of short 
column heights makes it possible to establish equilibrium 
conditions quickly. With an 0.8 mm column, equilibrium 
is attained in 15 minutes for sucrose (M.W.=342), 45 
minutes for ribonuclease (M.W.=13,683), and 70 min- 
utes for bovine serum albumin (M.W.=66,000). 

The need for only a small volume of sample is 
another feature of this unusual cell which promises to 
find wide appplication for rapid measurements of molec- 
ular weight. 

Sedimentation of High Polymers 

Of special interest to polymer chemists is a com- 
prehensive summary on sedimentation of synthetic and 
natural polymers by R. L. Baldwin of the University of 
Wisconsin (now at Stanford) and K. E. Van Holde of 
the University of Illinois. The authors discuss in detail 
the kinds of information obtainable by ultracentrifuga- 
tion, and methods used. An appendix lists polymers run 
on the Ultracentrifuge, solvents, and literature references. 

The work appeared in the first issue of the German 
journal “Advances in Polymer Science”; reprints (in 
English) are available from Spinco. 

ee4°"~ "sen eeaeeeene — 

If you are not familiar with the Ultracentrifuge, we will 
be happy to send you copies of “An Introduction to 
Ultracentrifuge Techniques” and the latest issue of 
“Fractions”, a periodical sent to owners of Spinco ultra- 
centrifuges, electrophoresis-diffusion instruments and 
amino acid analyzers. Write Beckman Instruments, Inc., 

Spinco Div., Stanford Industrial Park, Palo Alto 5, Calif. 

Beckman: 
Spinco Division 

Beckman Instruments, Inc. 

SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/ INTERNATIONAL DIVISION IN FIFTY COUNTRIES S-68A 
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INSTANT 
SERVICE 

ANYWHERE /N THE WORLD 

From the world’s most complete inventory of quality 

biochemicals, N.B.Co. offers the speediest delivery 

anywhere in the world at economical prices. 

NUTRITIONAL BIOCHEMICALS CORPORATION 
21010 MILES AVENUE CLEVELAND 28, OHIO 

Send for our. free June, 1961 | 
| Catalog containing more than 
| 2600 items. Fill out coupon and 

mail today for your copy. sc 
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Mouse studies throw light on the functions and on the occasionally aberrant 
behavior of sex chromosomes. 
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Demographic factors help shape the relative power of the communist and 
noncommunist blocs. 

Sensory Deprivation and Hallucinations: J. Vernon, T. Marton, E. Peterson 

What conditions of minimal or controlled sensory stimulation favor the generation 
of hallucinations? 

Space Communications: The Future Is Not Far — But the 
Major Policy Questions Are Unresolved 

E. R. Leach’s Pul Eliya, A Village in beac reviewed by W. H. Steevie 
other reviews 

Formation of Diamond by Explosive Shock: P. S. DeCarli and J. C. Jamieson 

Role for Ganglionic Norepinephrine in Sympathetic Synaptic Transmission: 
E. Costa et al. 

Ionium-Thorium Chronology of Deep-Sea Sediments of the Western North Pacific 
Ocean: Y. Miyake and Y. Sugimura 

Compositional Categories of Ancient Glass: E. V. Sayre and R. W. Smith 

Zinc-65 in Marine Organisms along the Oregon and die. Coasts: 
D. G. Watson, J. J. Davis, W. C. Hanson 

High-Rate Laboratory Filtration with Biichner Funnels: J. Shapiro 
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Suppression of Male Characteristics of Mosquitoes by Thermal Means: 
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Effect of Low Concentrations of Carbon Dioxide on Photosynthesis Rates of Two 
Races of Oxyria: W. D. Billings, E. E. C. Clebsch, H. A. Mooney 

Radioisotopes in Entomology and Tropical Medicine; Forthcoming Events 

“Columns about 15 feet high in a basaltic lava flow near Buhl in southern Idaho. They 
were formed by contraction as the lava cooled. Contraction proceeded toward more 
or less equally spaced centers and produced a hexagonal network of vertical fractures, 
or joints, which bound the columns. The horizontal joints may have further relieved 
stresses within the~columns as cooling continued. [Harold E. Malde, U.S. Geological 
Survey, Denver, Colo.] 
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Exact measurement of hydrogen, oxygen and nitrogen in metals is made in a few minutes with 
the Serfass Gas Analyzer. It determines traces of these gases down to 0.1 part per million... can 
be used both for vacuum fusion and hot extraction. Here, a Fisher Technical Specialist (left) dis 
cusses a problem with the Assistant Chemist and Chief‘Chemist of Vanadium-Alloys Steel Co. 
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ALLED TO a steel plant lab, a Fisher/Pittsburgh 
_representative details fine points in using a 

Serfass Gas Analyzer (left). He is one of Fisher’s 
Technical Specialists who demonstrate new instru- 
ments, explain efficient operating methods, trouble- 
shoot problems. This technical help... aid in lab 
layout, furniture planning... custom glass blowing 
-.. expert instrument repairs ...are among the 
many services Fisher offers you. 

Service is one part of the Fisher spectrum... 
others are indicated below. Summed up, they are 
the reason Fisher Scientific is a leader in laboratory 

4 LAB NEEDS | | instrumentation and reagent manufacture... and 
@® your comprehensive source for laboratory needs. 

— 

New sensitivity, speed in making direct colorimetric de- 

terminations of anions are provided by Fisher chloranilates. MicroTek’s MVP Apparatus. New products like this—or the Cole- 
These high-purity, stable reagents are one of newest analyt- man C-H Analyzer, JEOL Electron Microscopes—are usually in 

ical tools developed by Fisher. Fisher’s stocks, ready to ship, at time they're announced. 

Want the full facts about how Fisher can help 
you? Details in free, data-packed bulletins. Clip, fill 
out and mail coupon to Fisher Scientific Company, 
139 Fisher Building, Pittsburgh 19, Pa. 

i 1 

| _ Fisher Scientific Company - 
\ 139 Fisher Building 1 
- Pittsburgh 19, Pa. : 

' i 
; Please send me the following information: : 

' 0 “This Is Fisher’ 0 Fisher ‘‘Tensiomat” ry 

; (] “Serfass Gas Analyzer” C0 “Micro Vapor Pressure - 
t C] Fisher “Chloranilates” Apparatus” . 

8 ' 
: i 

a Name. Title : 
e Please Print 1 
| 1 
4 Company. 1 
| 1 
t 1 
a Street 1 
t 1 
’ 1 
1 City Zone State l 
? G-176 4 

See samen nane at ee ts dd 2 

Top precision of semi-automatic Fisher Tensiomat* is 
assured by careful craftsmanship that’s applied to each :O3 FISHER SCIENTIFIC 

t) diss instrument Fisher makes. Easy-to-use Tensiomat quickly 
0. measures both surface and interfacial tension of liquids. World's Largest Manufacturer-Distribulor of Laboratory Appliances & Reagent Chemicals 

€Fisher Scientific Company Trademark Boston @ Chicago e Fort Worth e Houston e NewYork e Odessa, Texas 
Philadelphia « Pittsburgh e St.Louis e Washington © Montreal e Toronto 
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UNEQUALLED PERFORMANCE! Ronnie Robertson can spin faster 

on ice skates than anyone in the world. 420 

rpm to be exact. So fast, military scientists 

have studied him for the biological effects of 

centrifugal force. 

In refrigerated centrifuges IEC’s HR-1 

spins faster (18,500 rpm) while developing 

more gravities (41,320 x G) than ever before 

available in the standard price range. This 

gives you the dependable force that means 

faster, better separation under fully con-: 

trojled temperature, hour after hour through 

‘the entire lab day. 

You can increase your work potential with 

the HR-1 .. .-send for Bulletin 0-61. 

INTERNATIONAL Ge EQUIPMENT CO. 

1284 SOLDIERS FIELD ROAD, BOSTON, MASS. 
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Bausch & Lomb takes the blind 

spots out of microscopy ¢ 

Zoom up, Zoom down, 
at the twist 4: 

BAUSCH & LOMB 

DYNAZOOM 
LABORATORY MICROSCOPES 

See the advantage of optimum magnification. Same price range as before... but more im- 
The revolutionary new B&L MicroZoom* optical 

system that makes “step magnification” obsolete. 

Now you can study and photograph specimens 

at the ideal magnification for all detail of every 

specimen from 17.5X to 1940X! 

portant, you can have complete reliance in its 
100% American manufacture to the world’s high- 

est standard—plus the whole-hearted support of 

America’s most dependable scientific instrument 

dealers. 

And you'll see better than ever...new high 

resolution 1.30 N.A. objective ...new 1.30 N.A. 

condensers ... new Hi-Intensity illuminator (10 

to 20 times brighter than any other). 
You’ll enjoy more convenience, greater com- 

fort... concentric coarse and fine focusing con- 
trols, concentric stage controls, all in low, hands- 

at-rest position. 

And how’s this for combining flexibility with 
economy? Choose any of 6 microscope bodies— 

Find out more; just mail the coupon. Then 

order fast to avoid delay. 

BAUSCH & LOMB INCORPORATED 

85618 Bausch St., Rochester 2, N.Y. 

C) I’d like a demonstration. 

(] Please send Catalog D-185. 

they all fit interchange- DNGTRG 5 ce. ccccisazscscconcoccenssncvccdactetace” ERUNS boas chsteoorecesersaceens 

ably in the basic stand, Professional 
and are all rotatable BAUSCH & eis Address 

through 360°. sey 
*Trademarks, Bausch & Lomb City ZONE .:.c0s05 PS GMOE <1cisdaevssaceabeeay 

—_ss—— ———-_------ 4 
sai nin cis tennis a 

SCIENCE, VOL. 133 

— 



| I ah 

' | | L.. 

VOL. 133 

9 June 1961, Volume 133, Number 3467 

AMERICAN ASSOCIATION 
FOR THE 

ADVANCEMENT OF SCIENCE 

Board of Directors 

CuaunceyY D. Leake, Retiring President, Chairman 

THOMAS Park, President 

Paut M. Gross, President Elect 

HARRISON BROWN Don K. PRICE 

HENRY EYRING ALFRED S. ROMER 

H. BENTLEY GLASS WILLIAM W. RUBEY 

MARGARET MEAD ALAN T. WATERMAN 

Paut A. SCHERER, Treasurer 

DaeLt WoLFLE, Executive Officer 

Editorial Board 

Konrad B. KrauskopF H. Burr STEINBACH 

Epwin M. LERNER WILLIAM L. Straus, JR. 

Puitip M. Morse Epwarp L, TaTtuM 

Editorial Staff 

DaEL WOLFLE Hans NussBauM 
Publisher Business Manager 

GraHAM DuUSHANE 
ditor 

Ropert V. ORMES 
Managing Editor 

ELLEN E. Murpny, Assistant Editor 

Nancy TEIMouRIAN, Assistant to the Editor 

News: Howarp MaAarcGoLis 

Book Reviews: SARAH S. DEES 

Editorial Assistants: NANCY S. HAMILTON, EDGAR 
C. Rich, BARBARA SUTHERLAND, CONRAD YUNG- 
Kwal 

JosePpH TURNER 
Associate Editor 

Staff Assistants: GENEVIEVE M. KuirBy, PATRICIA 
D. Pappock, Lois W. WoopworTtH 

Advertising Staff 

Eari J. ScHeraco, Director 

BERNICE SCHWARTZ, Production Manager 

Sales: RicHarp L. CHarLtes (New York, N.Y., 
PE 6-1858); C. RicHaRD CaLLis (Old Bridge, N.J., 
CL 4-3680); HERBERT BURKLUND (Chicago, III, 
DE 7-4973); DILLENBECK-GALAVAN (Los Angeles, 
Calif., DU 5-3991) 

SCIENCE, now combined with THE SCIENTIF- 
IC MONTHLY, is published each Friday by the 
American Association for the Advancement of 
Science at National Publishing Company, Wash- 
ington, D.C. SCIENCE is indexed in the Reader’s 
Guide to Periodical Literature. 

Editorial correspondence should be addressed 
to SCIENCE, 1515 Massachusetts Ave., A 
Washington 5, D.C. Manuscripts should be typed 
with double spacing and submitted in duplicate. 
The AAAS assumes no responsibility for the safety 
of manuscripts. Opinions expressed by authors are 
their own and do not necessarily reflect the 
Opinions of the AAAS or_the institutions with 
Which the authors are affiliated. For detailed 
Suggestions on the preparation of manuscripts, 
See Science 125, 16 (4 Jan. 1957). 

Advertising correspondence should be addressed 
to SCIENCE, Room 1740, 11 West 42 St., New 
York 36, N.Y. 

Change of address notification. should be sent 
to 1515 Massachusetts Ave., NW, Washington 5, 
C., 4 weeks in advance. Furnish an address 

label from a recent issue. Give both old and new 
addresses, including zone numbers. 

Annual subscriptions: $8.50; foreign postage, 
$1.50; Canadian postage, 75¢. Single copies, 35¢. 
Cable address: Advancesci, Washington. 

Copyright © 1961 by the American Association 
for the Advancement of Science. 

SCIENCE 

Smooth Sailing 

International scientific meetings offer an unparalleled stimulus to 
scientific progress; they assemble the world’s most notable investigators 
to their mutual benefit; and they are especially stimulating to the 
younger scientists of the host country whose international contacts 
are more limited than those of their older colleagues. 

Owing to our immigration laws and to their interpretation by the 
State Department in the past, successful international meetings have 
been difficult to arrange in the United States. Some foreign scientists 
have objected to the difficulty of obtaining visas, the extensive ques- 
tionnaire that was required, the fingerprinting requirement, and their 
liability to be put in an ineligible category. Another difficulty has arisen 
from the travel restrictions imposed upon Soviet nationals, which have 
made it difficult to find suitable places to meet and routes by which 
the Russians could reach them. 

But happily the last few years have seen some sharp changes in 
policy. Both Congress and the State Department have taken steps to 
ease visa difficulties, and the State Department is willing to open up 
restricted areas for international meetings. The change in attitude and 
policy became evident when Congress gave the State Department the 
right to waive the fingerprinting requirement in 1957. Additional small 
steps have been taken since. Only this spring the lengthy written ques- 
tionnaire, which seemed to applicants to pry unnecessarily into their 
past and to be a test of their memory for their past affiliations and 
whereabouts in minute detail, was eliminated. 

A more important change has been made in the interpretation of 

eligibility. The law governing immigration designates certain catego- 
ries of persons as ineligible for visas, but it also provides for waiver 
of the provisions (except for saboteurs and espionage agents) by the 
Attorney General. Formerly the question of a waiver was seldom 
raised; now it is. The consul is more likely now to refer a case to 
the Department, and the Department is now more likely to ask the 
Attorney General to authorize a waiver. Thus a scientist who is invited 
to attend a meeting here or a scientist in good standing who wants to 
come on his own initiative will find his chances for success much 
better than in the recent past. 

The other main difficulty that has beset international meetings in 
the U.S. is the imposition of travel restrictions on Soviet nationals. 
These restrictions were set up by the State Department in 1955 in re- 
sponse to the long-standing Soviet practice of closing large areas of 
the U.S.S.R. to foreigners. Since parts of every state and of most 
cities are on the restricted list, a meeting that Russians could attend 

was precluded unless special concessions were made. The State De- 
partment now makes such concessions for international meetings: 
meetings may be held in restricted areas, and Russians may visit sites 
connected with the official program. Restrictions on travel to and from 

the meetings are similarly relaxed. 
The next big international meeting scheduled for the U.S. is that 

of the International Astronomical Union, to be held in Berkeley next 
August. This will put the new practices to the test. So far all pre- 
liminary arrangements have gone well, and a large international at- 
tendance, including about 100 from the Soviet Union, is expected. If 
the Berkeley meeting continues to enjoy smooth sailing—and there is 
every indication that it will—the outlook for future international meet- 
ings in the U.S. will be greatly improved—G.DuS. 
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CURRENT PROBLEMS IN RESEARCH 

Genetics of Mammalian 

Sex Chromosomes 

Mouse studies throw light on the functions and on the 

occasionally aberrant behavior of sex chromosomes. 

In the past two years or less there 

has been a veritable explosion of knowl- 

edge in the field of mammalian cyto- 

genetics, and a great many of the im- 

portant findings concern the sex chro- 

mosomes, particularly in the mouse and 

in man. Much of the sudden progress 

can be attributed to recent advances in 

cytological techniques, and this is par- 

ticularly true in man. In the mouse, 

however, it is the combination of cyto- 

logical analysis with genetic experimen- 

tation, and, in many cases, even the 

latter by itself, that has yielded several 

exciting results. The genetic work would 

not, of course, have been possible before 

the discovery of useful sex-linked mark- 

er genes and of other genetic tools 

which have become available only in 

relatively recent years. 

Discussions in this article focus pri- 

marily on the results of experimental 

work in the mouse, with special em- 

phasis on new and hitherto unpublished 

findings. No attempt is made to review 

the voluminous literature on sex-chro- 

mosome anomalies in man, but evidence 

from this literature is cited wherever 

it helps in the presentation of a well- 

rounded picture. The findings discussed 
shed light on the functions of the sex 

chromosomes, both with respect to sex 

_ The author is on the staff of the Biology Divi- 

Sion, Oak Ridge National Laboratory, Oak 
Ridge, Tenn. 
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determination and with respect to other 

actions, and on the mechanisms by 

which anomalies in chromosome num- 

ber come about. 

Sex Determination 

With the exception of a few species 

(discussed below), mammals have an 

XX-XY type of sex-chromosome mech- 

anism, the male being the heteroga- 

metic sex. Drosophila melanogaster, 

too, has such an XX-XY mechanism, 

and in that species it has been known 

for over 30 years that sex determina- 

tion is the result of a balance of female 

determiners on the X chromosome and 

of male determiners on the autosomes, 

the Y chromosome being inert (although 

necessary for male fertility). Only two 

years ago it was shown that mammalian 

sex determination is not of the Droso- 

phila type. Specifically, the Y chromo- 

some, instead of being inert, is strongly 

male-determining. In this respect, there- 

fore, the mammalian system resembles 

that of the plant Melandrium. 

The male-determining property of 

the Y chromosome was demonstrated 

in the mouse by combined genetic and 

cytological evidence which indicated 

that animals with the XO sex-chromo- 

some constitution were normal and 

fertile females (J, 2). These females 

SCIENCE 

were detected by virtue of the fact that 

they exhibited the phenotypes normally 

produced by certain sex-linked marker 

genes in males only. Breeding experi- 

ments (which, in cases where the phe- 

notype was sublethal, involved ovarian 

transplantation) ruled out several of a 

number of possible alternative hypoth- 

eses and pointed strongly to the XO ex- 

planation. Final evidence for the XO 

hypothesis was provided by the cyto- 

logical data, which indicated that the 

exceptional females had 39, instead of 

40, chromosomes. 

Almost simultaneously with our re- 

ports of the mouse experiments, there 

appeared in the literature reports of 

parallel findings in the human species. 

Thus, Ford et al. (3) found the XO 

sex-chromosome constitution in a fe- 

male suffering from gonadal dysgenesis, 

and Jacobs and Strong (4) demonstrat- 

ed the association between the XXY 

constitution and the Klinefelter syn- 

drome (small testes, variable endocrine 

disorders). Since then, a great many 

more cases of both of these conditions 

have been reported. Chromatin-positive 

Klinefelter males, presumably XXY, 

occur relatively frequently in human 

populations (5). On the other hand, 

the XXY type had not been found in 

the course of the XO experiments in 

the mouse, even though the markers 

used in crosses for the detection of 

XO would, in most cases, also have led 

to detection of XXY. When, for some 

time thereafter, subsequent experiments 

also failed to yield this type, we con- 

cluded that either XXY mice occurred 

very rarely or that they were, for one 

of several reasons, undetectable. Thus, 

XXY might be female, or a female-like 

intersex; or XXY might be inviable; or 

the expression of the sex-linked mark- 

ers used might be altered by the pres- 

ence of the Y. 

Doubts concerning detectability have 

now been dispelled by our recent find- 

ing of an XXY mouse in crosses marked 

by sex-linked genes. The XXY constitu- 

tion, detected by genetic means, has 

been verified by cytological studies (6) 

(Fig. 1). The exceptional animal is 
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Chromosomes of a mouse presumed, on genetic evidence, to be XXY. The 

cytology shows that this is, indeed, the case. (a) A metaphase cell in tissue culture de- 

rived from tail biopsy. There are 41 chromosomes. The Y chromosome is labeled. The 

unlabeled arrows indicate the smallest autosome pair. (b) The chromosomes of the 

same cell arranged in pairs, showing the presumed X-chromosome pair and the Y 

chromosome. [From Russell and Chu (6)] 

viable, of normal size and male pheno- 

type. It shows normal male mating be- 

havior, but is apparently sterile. Its 

genotype is +/Ta/Y, and the expres- 

sion of the marker Ta (= tabby) is not 

affected by the Y. Evidence derived 

from this animal strengthens an earlier 

report of a presumed XXY mouse (7) 

for which no cytological proof could 

be obtained because of the animal’s 

untimely death. 

In summary, then, it can be said 

that, both in the mouse and in man, 

XO is female or female-like, and XXY, 

male or male-like—clearly the opposite 

from Drosophila, where XO is male and 

XXY is female. In man, the deviation 

of the chromosomally aberrant individ- 

uals from sexual normality may be 
somewhat greater than in the mouse. 

On the other hand, this difference be- 

tween the species may be only an ap- 
parent one, since, as has been pointed 

out (8), the more extreme cases among 
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human XO and XXY individuals would 

selectively come to the attention of 

medical investigators. In any case, it is 

quite clear that, far from being inert, 

the Y chromosome in mammals _ is 

strongly male-determining, a conclusion 

that has not been altered by the dis- 

covery, during the past year, of several 

aberrant sex-chromosome types in man, 

in addition to XO and XXY (for ex- 

ample, XXX, XXXY, XXXX, and 

XXYY). 

Not all mammals have the classical 

XX-XY sex-chromosome mechanism. 

The few exceptional species (among 

the well over 200 that have been studied 

cytologically) have recently been dis- 

cussed by White (9). In three or four 

species, the male is XY:Y:. Five other 

species had been reported to have XO 

males. If true, this would have in- 

dicated that male determination by the 
Y chromosome, as demonstrated in 

mouse and man, did not occur in all 

mammals. However, White gives rea- 

sons for suggesting that, in at least 

some of the exceptional species, the Y 

is not really lacking but is present in a 

fused state. His general conclusion is 

“that the Y is an indispensable part of 

the mammalian sex-determining mech- 

anism . . . and that it has probably not 

been lost on any occasion in mamma- 

lian evolution.” 

The demonstration that the Y is 

strongly male-determining has given us 

a basic insight into mechanisms of 

mammalian sex determination, but 

many questions remain. Are there male 

determiners also on the autosomes? 

How are the female determiners dis- 

tributed? It seems improbable, from the 

available evidence that the X is strong- 

ly female-determining—that is, that fe- 

male determiners are _ preferentially 

located on the X; for, if this were the 

case, both XO and XXY should be 

much more in the direction of inter- 

sexuality than they actually are. In the 

mouse, at least, it is not necessary to 

assume any female determiners at all 

on X, since the slight difference between 

XO and XX can be explained in terms 

of general vigor rather than of amount 

of “femaleness”; and the sterility of 

XXY could also be due to dosage phe- 

nomena of genes not necessarily direct- 

ly concerned with sex determination. 

Thus, it is conceivable that in XXY 

males there are disturbances due to the 

presence of gene products of two sets 

of certain sex-linked genes in a Y- 

determined male developmental system 

which is normally in harmony with a 

smaller quantity of such gene products 

(10). It is also possible that X and Y 

have a short homologous region and 

that sterility may be the result of im- 

balance due to trisomy for this region. 

Genetic Content of Y and X 

The fact that the Y chromosome in 

mammals is so strongly male-determin- 

ing indicates that it is not genetically 

empty. Yet, no other genes are definite- 

ly known to be located on the Y, al- 

though some are suspected. In the 

mouse, the so-called Eichwald and 

Silmser effect—that is, the rejection of 

within-strain tissue grafts when the 
donor is male and the recipient female 

—has been explained on the basis of 

Y-iinked genes controlling antigenic 
differences (JJ). No other Y-linked 

genes, however, are known, in spite of 
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the fact that the conditions for both the 
induction and the detection of such 

mutations have been most favorable. 

In man, the formerly classical case of 

completely Y-linked inheritance, the 

“porcupine man,” has recently been 

shown to be false, and the evidence for 

Y-linkage is considered incomplete in 
the case of other traits often assumed 

to show this kind of inheritance (/2). 

Partially sex-linked genes (presuma- 

bly catried on portions of X and Y 

which are homologous to each other) 

have been reported in man, but, recent- 

ly, doubt has been thrown on the re- 
liability of the evidence (/3). In the 

mouse, too, earlier reports of partial 

sex linkage have not been verified by 

more recent results. It may be that the 

homologous portions of X and Y are 

extremely short, as seems also indicated 

by cytological observations which re- 

veal end-to-end pairing of the X and 

Y in the first meiotic division of the 

male mouse (/4). The Y is the shortest 

of all chromosomes in the mouse (6) 

and in most primates (75). In man it 

is among the three shortest (16). 

In contrast to the Y, the X chromo- 

some bears a number of genetic factors. 

In the mouse, about 20 sex-linked mu- 

tations have occurred, more than half 

of them at this laboratory. A curious 

finding, however, is that the majority 

of the X-linked mutations are associ- 

ated with a particular phenotype— 

namely, a dominant mottling of the fur 

—and are usually lethal in the male. 

Several of these “mottling” mutations 

have been located at the same, or ap- 

proximately the same, spot on the X 

chromosome, and it is not inconceiv- 

able that they represent some type of 

chromosomal change rather than true 
gene mutations. 

V-type Position Effect 

One interesting discovery made at 

this laboratory in the last few years is 

that the X chromosome of the mouse, 

when it is involved in certain chromo- 

somal rearrangements, has the power 
to produce so-called variegated-type (or 

“V-type”) position effects (1/7). V-type 

position effects have been~ known for 

years in Drosophila (18) but had never 

been demonstrated in any other animal. 

At least four of them are now known 

in the mouse (19, 20). 
The best-studied case of V-type posi- 

tion effect—that involving the brown 
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locus—is used as an example in the 

discussion that follows (see Fig. 2). 

Experimental findings indicate that this 

position effect is probably the result of 

a reciprocal translocation between the 

X chromosome and chromosome 8, 

which bears the brown locus. That is, it 

is assumed that these two chromosomes 

have exchanged pieces, so that the 

brown locus—which carries the nor- 

mal, or “wild-type,” allele (+)—has 

come to lie in the vicinity of a piece 

of X chromosome. Normally, this + 

allele is completely dominant over the 

gene b (brown), so that the combina- 

tion of + in one chromosome and } in 

the homolog gives a wild-type animal. 

However, when the + gene has been 

transposed to its new position near a 

piece of X chromosome, its action is 

impaired, or made uncertain, in some 

of the somatic cells. Consequently, 

with b present in the homologous 

chromosome, certain regions of the 

body are brown, even though the ani- 

mal is only heterozygous for the reces- 

SPERM OF w.t. o% 

sive b gene. The random mingling of 

brown and wild-type regions produces 

what is called, in accordance with Dro- 

sophila terminology, a variegated phen- 

otype. Rigid proof of the genetic basis 

of this system has been sought in a 

number of ways that are too complex 

to go into here (J9). 

Two points are of particular interest 

for the purposes of this discussion. It 

has been shown in Drosophila that the 

basis for the great bulk of V-type posi- 

tion effects is change in location of a 

euchromatic gene to the vicinity of 

heterochromatin. Four cases of V-type 

position effect are known in the mouse, 

and in all four of them the gene in 

question has been brought to lie in the 

vicinity of a piece of X chromosome. 

Although the number of rearrangements 

of autosomes with other autosomes is 

presumably a large multiple of the num- 

ber of rearrangements of autosomes 

with the X chromosome, no V-type 

position effect has yet been found that 

does not involve the X. The dispropor- 

x 
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Fig. 2. Interpretation for the origin and transmission of position effect at the b locus. 
A reciprocal translocation between chromosome 8 (solid line) and the X chromosome 

(dashed line) has placed the wild-type allele of b (+ symbol) in the vicinity of a portion 

of the X chromosome. As a result of this new position, the action of the wild-type allele 
(+) is made “uncertain.” Thus, + does not exert its normal dominance over b in all 
cells of the body, and the animal is variegated with brown. Note that this applies to 
females only (see text). A cross of such a variegated female and a normal brown (b/d) 

male produces eight types of progeny, as a result of segregation and crossing over. 
[From Russell and Bangham (/9)] 
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Table 1. Dependence of the expression of the 
V-type position effect in the mouse on the 
number of X chromosomes present. 

Constitution of Sex 
chromosomes affected chromo- Phenotype 

by rearrangement* somes 

§*, X®, 8, X xX Variegated 

S*, X*, 8, Y XY Wild-type 

-, © XO Wild-type 

7 XXY Variegated 

* The symbol 8* denotes a translocated chromo- 
some composed of the centromere and the proxi- 

mal portion of chromosome 8 plus the distal 
portion of the X chromosome. The composition 

of X8 is the converse. The gene for brown (b) 
is present on the intact chromosome 8, while 
the rearrangement carries the wild-type allele. 
+ Rearrangement involving chromosome 1 and 
the X chromosome; also, intact chromosomes 1, 

X, and Y (20). 

tionately great power of the X to 

produce such effects in the mouse 

would seem to indicate that there may 

be very little heterochromatin on the 

autosomes, while the X is strongly 

heterochromatic. The work of Ohno 

and his collaborators (2/7) brings cyto- 

logical corroboration of this conclu- 

sion, which we drew on_ genetic 

grounds. 

A second point of interest is de- 

rived from the finding that the rear- 

ranged position of the wild-type gene 

produces variegation in females only. 

Males bearing the rearrangement are 

nonvariegated—that is, wild-type (see 

Fig. 2, noncrossover progeny). In 

other words, in males the gene acts 

as though it were in its normal posi- 

tion. 

In the early stages of our investiga- 

tions, the most likely explanation for 

this sex difference seemed to lie in 

some suppressing action of the Y 

chromosome. In Drosophila, super- 

numerary Y’s are known to suppress 

position effects, and it was, therefore, 

considered not impossible that, in the 

mouse, the single Y normally present in 

the male might be sufficient to suppress 

variegation. Recent results, however, 

lead to a different interpretation. 

Certain females have occurred in our 

stocks which, although they carried the 

X-8 translocation, were wild-type rather 

than variegated. Breeding tests revealed 
that these animals lacked the intact X 
chromosome—that is, they were es- 

sentially XO (22). Thus, females with 

the translocation and an intact X (that 

is, carrying a total of two X’s) are 

variegated; males with the translocation 

and the Y (carrying a total of one X) 

are wild-type; and females with the 
translocation but lacking the intact X 

(carrying a total of one X) are also 
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wild-type (Table 1). We therefore con- 

clude that the presence of two X 

chromosomes is necessary for the ex- 

pression of the V-type position effect. 

This conclusion has recently been con- 

firmed by Cattanach’s finding of XXY 

males carrying an X-autosome re- 

arrangement. As expected on ihe basis 

of our hypothesis, these animals were 

variegated (20). 

A particularly interesting aspect of 

the foregoing conclusion—that the 

presence of two X chromosomes is 

necessary for the expression of what 

is presumably a heterochromatic effect 

—is that it can be related to a number 

of independent findings. In the ham- 

ster, Yerganian (23) has noted that 

females have one “predominant” X 

(which duplicates at the same time as 

the autosomes and has a euchromatic 

short arm) and one “retarded” X 

(which duplicates later in the cycle and 

has a heterochromatic short arm). The 

single X of the male is of the “pre- 

dominant” type. A possible interpreta- 

tion of this “triheterosomic scheme of 

sex determination” is that the X may 

assume temporary states that are deter- 

mined by the company in which it finds 

itself. In man, cytological investiga- 

tions on normal individuals, as well as 

on patients with an abnormal number 

of sex chromosomes, have indicated 

that the number of heteropyknotic 

chromosomes at somatic prophase, or 

of “sex-chromatin bodies” at  inter- 

phase, is, in general, always one less 

than the number of X chromosomes 

present (24). These various findings 

permit the hypothesis that, in mammals, 

genic balance requires the action of 

one X in a manner which precludes 

realization of its heterochromatic po- 

tentialities, so that only additional X’s 

present assume the properties char- 

acteristic of heterochromatin. 

Obviously, the results described for 

the V-type position effect fit into the 

framework of this hypothesis. When 

two X’s are present, heterochromatic 

action of one is possible and produces 

the expression of the position effect, 

since the other X chromosome, in- 

herited from the father, fulfills the re- 

quirement of nonheterochromatic ac- 

tion. When, however, no paternal X 

chromosome is present—that is, when 

the father provides a Y or no sex 

chromosome at all, as in the case of 

the XO—then the rearranged X must 

fulfill the nonheterochromatic functions 
and will not be able to produce the 

position effect. 
- 

Aberrant Behavior 

of Sex Chromosomes 

It is true in almost all fields of 

science that accidental or abnormal 

processes can shed much light on the 

nature of the normal mechanisms, 

which would otherwise remain hidden. 

In the case of the sex chromosomes it 

has already been shown how the abnor- 

mal sex-chromosome types have eluci- 

dated the manner of sex determina- 

tion, and how, in conjunction with 

position effect studies, they have thrown 

light on gene action in the X chromo- 

some. Naturally, the problem of how 

the abnormal sex-chromosome types 

are produced is of the greatest interest. 

Abnormal sex-chromosome __ types 

may involve rearrangements of portions 

of sex chromosomes, and the study of 

these may turn out to be very profit-. 

able at a future time. The present dis- 

cussion, however, is limited to the 

simpler types of aberrations on which 

some evidence is already available— 

namely, those involving changes in 

number of sex chromosomes, specifi- 

cally the presence of a supernumerary 

sex chromosome or the absence of one 

of the sex chromosomes. The mecha- 

nisms that can be postulated as leading 

to these aberrations are grouped, for 

the purposes of this discussion, under 

the headings of nondisjunction and of 

chromosome loss other than that re- 

sulting from nondisjunction (which, for 

the sake of brevity, is referred to be- 

low merely as “chromosome loss”). 

Nondisjunction may broadly be defined 

as the failure—for one of several pos- 

sible reasons—of two members of a 

chromosome pair to separate to the 

two daughter cells. It results in one 

daughter cell’s having both members of 

the pair and in the other cell’s having 

neither. In discussing frequency of in- 

dividuals with an abnormal number of 

sex chromosomes, “nondisjunction” 

and “chromosome loss” must therefore 

be considered separately, since non- 

disjunctional events are expected to 

produce, with equal probability cells 

with a supernumerary sex chromo- 

some and cells lacking a sex chromo- 

some, while chromosome loss (as a 

result, for example, of anaphase lag- 

ging) leads only to production of cells 

of the latter class. 

Both nondisjunction and chromo- 
some loss can, theoretically, occur in 

the meiotic divisions of either the 
father or the mother of the affected 
individual, or they can occur during 
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the ‘cleavage divisions of the affected 

individual himself. A knowledge of the 

relative frequencies with which these 
various events take place is of con- 

siderable basic interest. The acquisition 
of this knowledge, however, is beset 

with practical difficulties. In the first 

place, the total frequency of abnormal 

sex-chromosome types is low. More im- 

portant still is the fact that in only a 
few of them can there be any cer- 

tainty about the causation of the abnor- 

mality. In human beings there is the 

added difficulty that the frequencies are 

distorted through the selection of 
patients. Nevertheless, it is already 

possible to draw certain conclusions, 

mainly from our data on the mouse, 

gathered during studies in which, using 

five sex-linked markers, we have made 

dozens of different types of crosses for 
the elucidation of various problems. 

Theoretica! Expectations 

Figure 3 shows schematically the 

various possible divisions at which non- 

disjunction of the sex chromosomes can 

occur in meiosis, and the gametes that 

are produced. The subscripts J and 2 

distinguish the centromeres of the two 

maternal X chromosomes. It should be 
noted that any sex-linked markers pres- 

ent may have changed places as a re- 

sult of crossing over (for example, X: 

Xz: may be homozygous, rather than 

heterozygous, for a sex-linked marker). 

The four different types of abnormal 

sperm, on fertilizing X-bearing eggs, 

would produce X“X"Y, X“O, X™X*X? 
and X“YY zygotes (where the super- 
scripts M and P designate maternal 

and paternal derivation, respectively, of 

a given X chromosome). Abnormal eggs 

can be fertilized by either X- or Y- 

bearing sperm, and thus there is a 

larger number of possible combinations: 

OX”, OY; three of the XXY type 
(Xi"X2MY, Xi™Xa"Y, X2"X:"Y); and 
three trisomic for X (X:"X:"X?, 

Xi"Xi"X", X2"X"X?"). 
Even though the diagram is elemen- 

tary, it serves to illustrate a number of 

points that might otherwise be lost 
sight of in a discussion of relative fre- 
quencies. First, among the various 

types of abnormal zygotes expected, the 
XO type is, theoretically, the most fre- 
quent, since it can result from non- 

disjunction at either of the meiotic 

divisions and in either parent. There 

is the additional possibility that the 

relative frequency of meiotically caused 
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XO can be greatly increased by the 

occurrence of chromosome loss other 

than that resulting from nondisjunction. 

Second, if one compares the relative 

frequencies of X“O and OX’, it is 
obvious that, even if equal frequency 

of nondisjunction in the two sexes is 

assumed, the ratio will be 2:1, since 

the O gamete from the mother always 

has a half chance of combining with a 

Y chromosome, and this, as has been 

shown in the mouse (J), leads to a 

lethal combination. Third, it should be 

noted that all but a very few of the 

types of offspring resulting from the 

abnormal gametes listed in Fig. 3 can 

also result from events other than 

meiotic nondisjunction. Meiotic chro- 
mosome loss as a possible source of 

XO has already been mentioned. In 

addition, cleavage events, as is shown 

below, can result in XO’s as well as in 

several of the other types of abnormal 

individuals. 

Various possible abnormal _ sex- 

chromosome types resulting from events 

associated with the first cleavage are 

summarized in Fig. 4. The first of 

these events, chromosome loss, would 

again lead to the simple XO condition; 

and, again, OX” is expected only half 
as frequently as X™O, since half the 
cases of loss of X™“ produce the in- 
viable OY type. Both chromatid loss 
and nondisjunction would basically lead 

to mosaics. However, where one of the 

daughter cells is OY, this cell would 

probably fail to yield viable cell prog- 

eny, so that the resultant individual 

would be nonmosaic XY or XXY. Cell 

selection is, of course, possible in other 

cases as well and can lead to normalcy, 

or at least to nonmosaicism, after a 

mosaic phase in early development. A 

similar result would be achieved by 

separation. of the cell lines to form 

embryonic and extra-embryonic tissue, 
respectively. 

Conversely, it is possible that normal 
tissue of a mosaic may be the second- 

ary derivative in an individual having 

a basically abnormal number of sex 

chromosomes. Thus, in the case of a 

human XX/XO mosaic it has been 

postulated that the zygote was XO, and 

that XX cells were the result of non- 

disjunction in cleavage (25); and a 

human XXY/XX mosaic has been ex- 

plained on the basis of loss of the Y 

in cleavage (26). 

Although Fig. 4 shows only expecta- 

tions concerning abnormal events that 

occur at the first cleavage, it can be 

used to predict the results of similar 

events occurring at later cleavages. 

Such later-cleavage events would al- 

ways yield potential mosaics, with 

usually more than half the cells normal 

at the time of inception of the cell lines. 

Thus, chromosome or chromatid losses 

at a later cleavage would produce the 

same types of mosaics as those result- 

ing from chromatid loss at the first 
cleavage (Fig. 4), except for differences 

in the proportion of cells establishing 

the cell lines. Nondisjunction at a later 

cleavage would lead to production of 

individuals with three types of cells. 

Naturally, the remarks made above, 

concerning the possibilities of cell 

selection and of separation of cell lines 

to form embryonic and extra-embryonic 
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Fig. 3. Theoretical expectation concerning nondisjunction in meiosis. The cell division 
in which nondisjunction occurs is indicated by heavy lines. 
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tissue in initially mosaic individuals, 

apply to later-cleavage as well as to 

first-cleavage mosaics. 

Spontaneous Incidence of 

Abnormal Sex-chromosome Number 

Of the several abnormal sex-chromo- 

some types expected on _ theoretical 

grounds (Figs. 3 and 4), a large number 

have already been discovered in mam- 

mals. In the mouse, the X“O and 

X™X?Y chromosome _ constitutions 

have been demonstrated genetically and 

cytologically (J, 2, 6, 7, 20), and OY 

has been shown to be prenatally lethal 

(1). Animals of the OX” type have been 
reported (7), but it is not certain 

whether these were of primary occur- 

rence or the offspring of a mating of 

undetected primary X“O. In man, also, 

several cases of X“O but only a very 
doubtful one of OX” are on record 
(5). Human XXX’s have been reported, 

but it is not known whether these are 

X™X?X? or X™X™X". All cases of XXY 
analyzed in man have been of the 

X*"X“Y type (5). In addition to these 

simple types of sex-chromosome anoma- 

lies, many others (such as XXXY, 

XXXX, and XX YY) and many mosaics, 

including some of those outlined in 

Fig. 4, have been reported in man. No 
sex-linked markers were available in 

these cases, and they cannot be re- 

viewed in detail at this time. 

The only condition which gives proof 

that a particular instance of nondis- 

junction has occurred in meiosis rather 

than in cleavage is the presence of both 

of the sex chromosomes of one parent 

in the offspring. This condition exists 

in X™X°Y. It also exists in X“X“Y and 
X™X™X?’, provided the two X™“ chromo- 
somes differ in their genetic markers. 

Actually, it is doubtful whether X“X™X” 
would be detectable with markers 

available in the mouse at this time. The 

XXY anomaly was expected to be 

detectable, but only if the animal was 

viable and male (or male-like) and if 

the presence of the Y did not affect 

the expression of X-linked markers. 

Our recent discovery of an X*X™Y 

male (6), mentioned above, has now 

shown that these conditions are met. 

Since both X*™* and Y are known to 

have been contributed by the father, 

this exceptional animal is actually the 

only mammal reported to date in which 

the stage of nondisjunction can have 

been no other than the first meiotic 

division in a presumably normal male. 

In man, cases of Klinefelter’s syndrome 

in which the derivation of the X’s is 

marked by the gene for color blind- 

ness are of the X“X™“Y type (5), with 

both X™“ chromosomes bearing the same 

marker. Such individuals can be the 

result of nondisjunction at any one of 

three stages: in the second meiotic 

division of the mother; in the first 

meiotic division combined with a cross- 

over (27); and in the first cleavage 

(see Fig. 4). 

Comparisons of the frequencies of 

the various spontaneously occurring sex- 

chromosome anomalies in the mouse 

lead to a number of interesting con- 

clusions. Data for these comparisons, 

some of which are summarized in 

Tables 2 and 3, come from a large 

number of crosses in which five sex- 

linked markers were used in various 

combinations and in XX X XY as well 

as XO X XY matings. Two compari- 

sons that have been made are between 

the frequency of animals in which a 

paternal sex chromosome is lacking 
(P—) and those in which there is an 

extra paternal sex chromosome (P+), 

and between the frequency of animals 

in which a maternal sex chromosome is 

lacking (M—) and those in which a 

paternal sex chromosome is lacking 
(P—). 

Table 2 summarizes results from 16 

crosses in which simultaneous detec- 

tion of P— and P+ events was possible. 

The estimated frequency of occurrence 

(columns 6 and 7) has been calculated 

by taking account of the fact that 

detectability of one or the other event 

is only 1% in some crosses (columns 1 

and 2). The single P+ event is the 

X*X™Y male mentioned above. Un- 

fortunately for the clarity of Table 2, 

this animal occurred in an experiment 

in which postfertilization stages were 

irradiated (see below). However, its 
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Fig. 4. Theoretical expectation concerning first-cleavage events that can result in sex-chromosome anomalies. Lost chromosomes or 
chromatids are encircled. In the case of nondisjunction, the possible groupings of one. and three chromosomes, respectively, are 
indicated by divisions of the squares. Mosaic, mos.; hermaphrodite, combined symbols for male and female. A wavy line separates 

the two genotypes in mosaics. 
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Table 2. Frequencies of mice lacking a paternal sex chromosome (P—) and of mice having 
an extra paternal sex chromosome (P+) (combined data from 16 different types of crosses 
in which simultaneous detection of these events was possible). 

Detectability Animals observed (N) Corrected frequency (%)* 

Pp. P+ Total ao AARY P:. P+ 

1 1 1819 17 0 0.93 0 
yY Y, 3660 11 0 0.60 0 
YW 1 350 1 0 0.57 0 

Radiation experiment; 

1 1 539t 17§ 1 

Totals 5829 29 0.76 
6368 1 0.02 

* Estimated frequency of occurrence calculated by taking account of detectability, which, in some 

crosses, is only %. j Irradiation on day 0 after fertilization (see Table 4). t Excluded in calcu- 
lating total frequency of spontaneous P— but included in calculating frequency for spontaneous P+ 

(see text). 

chromosome constitution rules out 

radiation as the cause of the XXY 

anomaly. [Naturally, the irradiated 

group with its 17 P— events, most or 
all of which could have been the result 

of irradiation, was not included in 
calculating the frequency of sponta- 

neous occurrence of P— (Table 2, 

totals)]. While it cannot be stated with 

any degree of certainty that the ratio of 

P— to P+ is actually 38 (a value based 

on only one occurrence of P+), it is 

quite clear that the ratio is, indeed, 

quite high. 

Table 3 summarizes data from eight 

crosses in which genetic markers were 

present for the detection of both M— 

and P— events. In a population in 

which 13 spontaneous occurrences of 

P— could be detected, there were no 

cases of M—. For comparison, data 

from the radiation experiment are also 

shown in Table 3. 

Not only spontaneous M— but M+ 
cases also are lacking among anomalies 

discovered to date. They could have 

been found among 4711 offspring from 

nine types of crosses in which M+ 

events resulting from nondisjunction in 
the first meiotic division are theoreti- 

cally detectable with a probability of 

up to 50 percent. [Half of the M+ 

events would presumably go unrecog- 

nized as a result of the X“X™X” type 
being nondetectable with the markers 

available at this time. In addition, if, 

as a result of crossing over, X“ becomes 

homozygous for the markers carried by 
the mother, some of the X™X™“Y ani- 

mals, too, would escape detection. Al- 

together, in our crosses, the detecta- 

bility of M+ from first-meiotic non- 
disjunction is % (1 — %-c.0.), where 

co. is the frequency of crossing over 

between the X centromere and the 
marker used, an as yet unknown 

quantity.] Thus, although the present 
indications are that M+ events are very 
infrequent (if, indeed, they occur at 
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§ Excluded in calculating total frequency of P—. 

all), it cannot yet be stated with cer- 

tainty that M+ is even rarer than P+. 

Before discussing the implications of 

the frequency comparisons, it is neces- 

sary to present the results of investi- 
gations designed to test whether the 

frequency of XO mice could be altered 

by artificial means. 

Induction of Abnormal 

Sex-Chromosome Number 

Evidences of nonrandomness in the 

original XO data in the mouse (J, 2) 

(for example, the finding of XO litter 

mates) suggested that cleavage events 

might be very important in the spon- 

taneous origin of the XO anomaly and 

led us to attempt to increase the fre- 

quency of XO individuals by irradia- 

tion during cleavage stages. The results 

of this experiment are summarized in 

Table 4. A preliminary report was 

presented earlier (28). 

With appropriate sex-linked markers, 

instances of both maternal and paternal 

sex-chromosome loss could be de- 

tected. We were able to show that the 

frequency of XO individuals could be 

significantly increased by irradiation 

on the day of fertilization (day 0 in 

Table 4). Since, in the mouse, almost 

a full day elapses between fertilization 

and the first cleavage, it was possible 

to test the effect of irradiation at 

various times during that day. The fre- 

quency of XO mice was highest after 

irradiation at the earliest time tested 

(11:00 a.M.) and somewhat lower 

when animals were exposed later in the 

day. Irradiation during subsequent 

cleavages (1142 to 4% days after fer- 

tilization) or at postcleavage stages was 

ineffective in increasing the frequency 

of XO individuals. One point of con- 

siderable interest was that exposure 

at 11:00 a.M., the stage at which 

irradiation yields the highest frequency 

of induced XO mice, produced some 

animals lacking the maternal X, an 

event which has not yet been observed 

to occur spontaneously (see the discus- 

sion above and Table 3) or from 

irradiation at other stages (Table 4). 

None of the XO mice obtained in 

this experiment gave the appearance of 

mosaicism. Moreover, when progeny 

was obtained from the XO animals as 

well as from many phenotypically non- 

exceptional animals, in an attempt to 

detect possible gonadic mosaicism, the 

results were negative. We thus conclude 

tentatively that we have induced chro- 

mosome loss prior to the first cleavage. 

Although four, and in some cases five, 

autosomes were also marked, no auto- 

some losses were detected. It may be 

assumed that such losses, if they occur, 

are cell-lethal. 

Mechanisms That Produce Abnormal 

Numbers of Sex Chromosomes 

That nondisjunction of sex chromo- 

somes can occur in meiotic divisions 

was shown by our discovery of an 

X*X™Y animal from an X*X* X X™Y 

mating. However, the absence, to date, 

of both M+ and M— would seem to 

indicate that nondisjunction in the first 

meiotic division of the female is very 

rare, if not nonexistent; and the low 

frequency of X“X"Y, as compared with 
X“O, suggests that, in the male too, 
nondisjunction in the first meiotic divi- 

sion is a rare occurrence. It is obviously 

Table 3. Frequencies of mice lacking a paternal sex chromosome (P—) and of mice lacking 
a maternal sex chromosome (M—) (combined data from eight different types of crosses in 
which simultaneous detection of these events was possible). 

Detectability Animals observed (N) Corrected frequency (%)* 

P— M— Total xX™O Ox? P— M— 

1 Y 1271 13 0 1.02 0 
7) Y 67 0 0 0 0 

Total 1338 13 0 0.99 

Radiation experiment? 

1 7) 425 14 4 3.29 1.88 

* Estimated frequency of occurrence calculated by taking account of detectability, which, in some 
crosses, is only 4. 7 Irradiation at 11:00 a.m. on day 0 after fertilization (see Table 4). 

1801 



Table 4. Frequencies of sex-chromosome loss after irradiation at various postfertilization stages. 

Stage irradiated Animals observed (N) Corrected frequency (%)* 
Day aur - Total X™O Ox? of sex-chromosome loss 

OF 11 A.M. 425 14 4 S2.| 

0 12:30-2 P.M. 44 Zz 0 °4,5 46 

0 3:30 P.M. 70 1 0 1.4 | 

1% to 13% 402 2 0 0.5 lio 

Control 420 6 0 1.4 { 

* Estimated frequency of occurrence calculated by taking account of the fact that only half of all 

losses of maternal X are detectable. 

necessary to look for other events that 

might account for the relatively high 

frequency of XO, specifically X“O. 
Events yielding X“O but not X"X”Y 

can occur during meiosis (for example, 

anaphase lagging, or nondisjunction in 

the second division, which would also 

produce presumably nondetectable XX 

and YY gametes); or they can occur 

following fertilization. Cleavage as a 

relatively frequent source of XO’s in 

the mouse had already been suggested 

by the nonrandomness of the original 

XO data—for example, the finding of 

XO litter mates—and has now been 

implicated even more by the demonstra- 

tion that the frequency of XO animals 

can be increased by irradiation shortly 

after fertilization. On the basis of 

cytological evidence, Ohno, Kaplan, 

and Kinosita also believe nondisjunc- 

tion to be more frequent at cleavage, 

since they found either one X or one Y 

in each of 1460 second-meiotic nuclei 

examined (29). 

As was shown above, not only is 

X“O much more frequent than X™X°Y, 

but X“O is also much more frequent 
than OX*. A hypothesis that would fit 
both of these results is that there exists 

a relatively high probability of loss of 

the paternally contributed sex chromo- 

some some time between fertilization 

and completion of the first cleavage. 

Such a hypothesis is not unreasonable 

in the light of the observation (30) 

that, during that interval, the nuclear 

material contributed by the male under- 

goes considerably more changes than 

that contributed by the female, with 

respect to such factors as size of the 

pronucleus, number of nucleoli, and 

total nucleolar volume. If the pater- 

nally contributed nuclear material, in 

general, is indeed vulnerable at this 

stage, it is not inconceivable that there 

is increased probability that individual 

paternal autosomes, as well as X? or 
Y, will be lost. Such an event, however, 

would probably lead to the death of the 

individual, unless the maternally con- 

tributed homolog were present (or 

came to be present) in double dose— 
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+ Day 0 designates the day on which the vaginal plug is found. 

an explanation which has been pro- 

posed to account for a certain class of 

spontaneous mutants in the mouse (31). 

The hypothesis that it is the pater- 

nally contributed sex chromosome 

which is more easily lost at, or prior to, 

the first cleavage does not exclude the 

possibility that this event may be in- 

fluenced by factors traceable either to 

the mother or to the circumstances of 

fertilization. For example, properties of 

the zygote cytoplasm that could be 

under maternal control, or that could 

be influenced by the interval between 

ovulation and fertilization, might in 

turn affect the behavior of chromo- 

somes contributed by the male pronu- 

cleus. Explanations of this nature could 

account for the occurrence of XO litter 

mates (2), the nonrandom distribu- 

tion of spontaneous primary XO mice 

among sibships (J), and the possibility 

that there may be “high XO” lines (J). 

Although the foregoing discussion 

has applied to presumably nonmosaic 

types, it should be noted that sex- 

chromosome mosaics of various kinds 

have been reported in man, and that a 

few have been found (although not yet 

well studied) in the mouse. Such 

mosaics would, of course, result from 

postfertilization events, but not neces- 

sarily from the simple loss of a 

paternally contributed sex chromosome 

that has been discussed here. 

Summary 

The great strides made during the 

past two years in the whole field of 

mammalian cytogenetics have, in par- 

ticular, enlarged our knowledge of the 

role of the mammalian sex chromo- 

somes. The following summary briefly 

lists the most recent discoveries in the 

mouse, where genetic findings have 

played a relatively greater role than 

in the other species of mammals. 

The male-determining property of 

the mammalian Y chromosome, estab- 

lished earlier in mouse and man, has 

been further confirmed by the finding 

of an XXY mouse, which was detected 

by genetic means and has been studied 

cytologically. This animal is a fully 
viable, phenotypically normal, though 

sterile, male. Since various doubts con- 

cerning detectability of the XXY type 

have been removed by the discovery 

of this animal, it can be concluded that 
the occurrence of XXY in the mouse is 

extremely rare. 

It has been shown that the X chro- 

mosome of the mouse, when it is in- 

volved in certain chromosomal rear- 

rangements, has the power to produce 

variegated-type position effects, a phe- 

nomenon formerly not observed in any 

animal except Drosophila. The fact that 

the X chromosome is involved in all 

four of the known cases of V-type posi- 

tion effect in the rouse indicates that it 

is strongly heterochromatic, while there 

may be little heterochromatin on the 

autosomes. Recent findings have shown 

that the presence of two X chromo- 

somes is necessary for the expression 

of the position effect in one of them. 

This fact, when related to various 

cytological findings in other species, 

permits the hypothesis that, in mam- 

mals, genic balance requires the action 

of one X in a manner which precludes 

realization of its heterochromatic 

potentialities, so that only any addi- 

tional X’s present assume the properties 

characteristic of heterochromatin. 

A variety of different findings sheds 

light on the mechanisms that may lead 

to the occurrence of individuals with 

abnormal numbers of sex chromosomes. 

The XXY mouse proves, by virtue of 

its sex-linked marker genes, that non- 
disjunction can occur in the first meiotic 

division of a normal male (a proof not 

previously provided by human cases 

of XXY, which could have been of 

different origin). However, first-meiotic 

nondisjunction is apparently very rare 

in males, and there is not yet any 

evidence that it ever occurs in females. 

Data from numerous types of crosses 

involving five sex-linked markers yield 
the following results: no cases of 

X™X*Y or OX” have occurred to date; 
X™X"Y « X“O;OX” « X™O (where 
the superscripts M and P designate 

maternal and paternal derivation, re- 

spectively, of the X). 

The total frequency of XO _indi- 

viduals can be increased by irradiation 

shortly after fertilization. This treat- 

ment has yielded, in addition to X™O, 
several animals of the OX” constitution, 
a type that has not yet been found to 

occur spontaneously. 

The various findings on spontaneous 
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and induced frequencies of mice with 

abnormal numbers of sex chromosomes 

lead to the conclusion that XO individ- 

uals are most often the result of events 

occurring after fertilization. Specifi- 

cally, it is suggested that there exists a 

relatively high probability of loss of 

the paternally contributed sex chro- 

mosome some time between fertiliza- 

tion and the first cleavage (32). 
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in Europe 

Demographic factors help shape the relative power 

of the communist and noncommunist blocs. 

World population problems have 

attracted wide attention in recent years, 

but discussions of demography all too 

often skip over Europe with only a 

bare mention. True, Europe is not a 

demographic trouble spot today. Al- 
though the “population explosion” of 
which we hear so much originated in 
Europe, its force is spent and the con- 

tinent has escaped unscathed, indeed 
enhanced, by the experience. Europe’s 

population today is large and dense, 

more dense in fact than that of Asia, 

if population per square kilometer is 

considered (see Table 1), but popula- 

tion pressure in Europe offers no ob- 

stacle to economic development or 

political tranquillity. Nor is Europe’s 

population growing as rapidly as that 

of the underdeveloped areas that fill 

us with concern. The annual rate of 
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increase from 1950 to 1958 was only 

0.7 percent in Europe as against 1.8 

percent in Asia, 1.9 percent in Africa, 

2.1 percent in the Americas, and 2.3 

percent in Oceania (J, Table 2). Al- 

ready highly developed, Western Eu- 

rope can easily absorb any increases 

that are likely to occur in the future. 

Those portions of Southern and East- 

ern Europe that are not yet developed 

are rapidly increasing the efficiency of 

their economies, and they, too, should 

be able to handle future increments in 

their population. 

This does not mean, however, that 

demographic facts no longer affect the 

politics of Europe. Population trends, 

both past and present, have a direct 

effect upon the power position of Eu- 

ropean nations in relation to the rest 

of the world and in relation to each 

other, and this effect is the greater 

precisely because the economic and 

social organization of European na- 
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Science 

Research 

tions is such that population growth 

no longer presents a problem. Because 

most of the European nations are in- 

dustrial or are industrializing rapidly, 

they can use their people for purposes 

of power, unlike the struggling under- 

developed nations, who may find their 

population growth a liability. 

The relationship between population 

and politics in Europe is of long stand- 

ing. In the laissez-faire century before 

World War I, demographic trends in- 

fluenced European power, but political 

developments had little effect on demo- 

graphic trends. Immense population 

growth, unplanned and uncontrolled, 

was crucial in making Europeans first 
in power in the world. Europe’s popu- 

lation explosion provided the working 

hands to run the new industrial econ- 

omies at home, the migrants to create 

European allies outside of Europe, and 

the administrators and soldiers to run 

far-flung empires that encompassed 

half the world’s area and one-third of 

its population. 

The population growth that had en- 
abled Europe to reap such handsome 

political yields from its ‘economic de- 

velopment slacked off in the 20th 

century. Birth rates dropped first in 

Western Europe, where the Industrial 

Revolution had started and where, in 

consequence, urban values, favoring 

small families, had had the longest 

time to become widespread and deeply 

entrenched, but as the century pro- 

gressed, birth rates began to fall in 

Eastern Europe, too (2, pp. 12-13). 

Low birth rates, low death rates, and 

low or moderate rates of increase are 

facts of life today in most of Europe, 
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Table 1. Population densitits in Europe and 
Asia, 1958. [From J, Tables 1 and 2] 

Population 
Area (per km?) 

Asia 59 
Indonesia 59 
China 69 
Philippines 80 
Pakistan 91 
India 121 
Korea 138 
Japan 248 

Europe 85 
France 81 
Poland 92 
Italy 162 

West Germany 210 
United Kingdom 213 
Belgium 297 
Netherlands 345 

but one government after another has 

fought against these facts. In the 20th 

century, the relationship between popu- 

lation and politics had changed. Politics 

was trying to influence demographic 

trends. 

Faced with a fall in birth rates and 

a potential decline in numbers, govern- 

ments adopted policies designed to 

raise fertility. At the same time, how- 

ever, political events of quite a differ- 

ent sort intervened to affect Europe’s 

population, as wars and revolutions 

wiped out whatever gains pronatalist 

policies might have made and set 

loose a flood of new migration. 

Pron: alist Policies 

In view of the general concern over 

Europe’s sagging birth rates, which 

fell during the depression years to a 

point where they endangered popula- 

tion growth and even promised popula- 

tion decline, it is perhaps surprising 

how few of the European nations 

adopted population policies and how 

inconsistent some of these policies 

were. England, for example, though 

greatly concerned, did nothing until 

after World War II, when it instituted 

a program of family allowances for 

children, more as a welfare measure 

than as an attempt to influence family 

size, for the allowances are far too 

small to encourage production of larg- 

er families (3). Hungary adopted a 

strong pronatalist policy in the early 

1950’s but abandoned it by 1960 (4, 

p. 193). Sweden and Bulgaria (4, p. 

196) are examples of nations carrying 

out pronatalist and antinatalist meas- 
ures at the same time. Russia has one 

of the most consistent pronatalist poli- 

cies but for many years denied that its 

extensive program was designed to 
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affect population size. Nazi Germany, 

Fascist Italy, and contemporary France 

perhaps deserve the prizes for con- 

sistency, but the effectiveness of their 

policies is open to question. 

However, before we pass too severe 

a judgment, it should be noted that 

framing a coherent policy in the field 

of population is extremely difficult, 

for the most effective means of achiev- 

ing higher fertility may conflict with 

other values important to the society. 

In such cases, contradictory policies 

result. The Swedish government, for 

example, has refused to do anything 

that would infringe upon the individ- 

ual’s right to plan the size of his fam- 

ily. It has therefore eschewed any 

appeals to patriotism as a motive for 

increasing fertility and has refused to 

restrict the individual’s right to prac- 

tice birth control, sterilization, or even 

abortion, if health or economic neces- 

sity makes such steps desirable (5, 

p. 222). Following the lead of the So- 

viet Union, most of the eastern Euro- 

pean nations have also legalized abor- 

tion, even though this runs contrary to 

the pronatalist intentions of some of 

these governments. The aim is appar- 

ently to safeguard the health of women 

who would otherwise turn to illegal 

abortionists, but the effect must surely 

be to increase the number of abortions 

and to reduce the number of births. 

Pronatalist policies may be divided 

into four categories. These are (i) 

general social welfare policies to im- 

prove economic conditions for those 

wishing to have more children; (ii) 

specific measures, such as cash allow- 

ances and tax benefits, offering finan- 

cial relief to large families; (iii) 

repressive measures to prevent the use 

of contraception, abortion, and sterili- 

zation; and (iv) measures to strengthen 

the position of mothers and housewives 

in society and to make a large family 

a matter of prestige. The three major 

population policies in Europe today— 

those of France, Sweden, and Russia— 

differ widely in the emphasis they 

place upon these various areas of 

action. 

In France, population policy relies 

heavily upon repressive legislation and 

extensive judicial and police activity 

to prevent abortions and the use of 

contraceptives, and upon a system of 

cash allowances high enough to pro- 

vide a real increment to the income of 

large families. The French program 

also includes marriage loans, prenatal 

allowances, birth grants, housing al- 

lowances and grants, reduced school 
- 

fees, and subsidized vacations for chil- 

dren of large families (6). 

Sweden’s. program includes some 

specific measures, such as cash allow- 

ances, but the emphasis is on general 

social welfare policies to provide ade- 

quate income, housing, and medical 

care for all families, on the assumption 

that this will remove some of the ob- 

stacles that prevented Swedes of an 

earlier generation from having larger 

families. At the same time, however, 

Sweden has enacted a series of meas- 

ures that are antinatalist in effect if 

not in intention. Abortion is permitted 

for physical, psychological, or econom- 

ic reasons, contraceptives are on sale 

in every chemist’s shop, and informa- 

tion on contraception is given as a part 

of secondary-school sex education. It 

is obvious that Sweden seeks larger 

families, but only if the children are 

wanted (7). 

Russia’s program is perhaps the most ' 

extensive. It includes a broad range of 

welfare measures, financial assistance, 

and honors for the mothers of large 

families. However, legislation prevent- 

ing abortion and contraception has 

been eased in recent years. Free medi- 

cal care is available to all, but particu- 
lar care is reserved for mothers and 

children; “mother and child specialty” 

is one of the three basic specialties in 

which all Soviet physicians are trained. 

Free education through the university 

level further decreases the cost of 

raising children. Working mothers are 

guaranteed light work while they are 

pregnant, maternity leave with pay, 

time off to nurse their infants, and 

day-nursery service for small children. 

Tax benefits and cash payments favor 

large families, and the Soviet govern- 

ment honors mothers of large families 

with special medals and titles, running 

from Motherhood medals for mothers 
of five grown children up to the title 

of Mother Heroine, which goes to 

mothers of ten grown children, to- 

gether with a special certificate from 

the Presidium of the Supreme Soviet 

of the U.S.S.R. (4, p. 179; 8). 

A larger population is not, of 

course, a goal in itself, and all of the 

European nations concerned with popu- 

lation size have other, ultimate goals 

in mind: economic welfare, national 

power, and cultural survival. British 

and Swedish writers have expressed 

concern lest a declining population re- 

duce investment opportunities and lead 

to economic stagnation and, eventually, 

to a lower standard of living (5, p. 124; 

9, chap. 10, 11). 
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Considerations of power are more 

crucial, however, and have played a 

part in all of the pronatalist policies. 
These considerations were stated most 

clearly by the Germans and Italians. 

Joseph Goebbels declared: “If Ger- 

many wishes to fulfil her great national 

and international tasks . . . she needs 

hands. That is why the new regime 

encourages large families” (/0). 

Mussolini was even more frank: 

“To count for something in the world, 

Italy must have a population of at 

least 60 millions when she reaches the 

threshold of the second half of this 

century. ... Let us be frank with our- 

selves: what are 40 million Italians 

compared with 90 million Germans 

and 200 million Slavs?” (J/). 

French population policy was moti- 

vated in large part by the fear of Ger- 

many’s rapidly expanding numbers, 

and the French Code de la famille of 

1939 may be viewed in part as an an- 

swer to Nazi Germany’s earlier pro- 

natalist policy in a sort of demographic 

armaments race. British officials were 

also well aware of the political implica- 

tions of the nation’s slowing rate of 
growth; royal commissions on migra- 

tion and on population expressed the 

fear that Britain’s ties with the Com- 

monwealth nations would suffer if 

Britain’s population did not grow ra- 

pidly enough to provide a_ steady 

stream of migrants to keep the popu- 

lations of such nations as Canada, 

Australia, and New Zealand predomi- 

nantly British in origin (9, pp. 125, 

Z25, 133). 

It is probable, though hard to prove, 

that considerations of power are at the 

root of Russia’s population policy as 

well, for the Soviet Union needs man- 

power not only to make up her war 

losses and to staff her growing indus- 

tries but also to fill her open spaces 

and to avoid being completely dwarfed 

by her giant ally and neighbor to the 

south. 

Sweden, on the other hand, seems 

less interested in power than in cul- 

tural survival, and her population pol- 

icy is designed to perpetuate Swedish 

culture as well as to maintain the na- 

tion’s international standing. Alva 

Myrdal expressed the feeling in these 

words: “Our society is too good not to 
be preserved. . . . It is not going to be 

so stimulating to work for a national 

culture that is under liquidation. It is 

not going to be so satisfying to build 

up a social structure which our chil- 
dren are not going to inherit” (72). In 

a way, of course, a desire for cultural 
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survival underlies the pronatalist poli- 

cies of all nations. 

The effectiveness of European pro- 

natalist policies is hard to judge. In 

theory, two measurements are required 

—an accurate measure of fertility after 

the policies have been put into effect 

and accurate knowledge of what fer- 

tility would have been if the policies 

had not been put into effect—but in 

the absence of an experimental situa- 

tion, the second measurement is always 

lacking. 

The case of Nazi Germany has been 

perhaps most thoroughly examined. In 

Germany, a sharp rise in the birth rate 

followed directly upon the introduction 

of pronatalist measures. Nazi officials, 

quite naturally, took full credit for the 

change, but it seems more likely that 

the rise in births was due to the return 

of economic prosperity and full em- 

ployment, since an exceptionally high 

correlation (+ .79) has been found 

between the monthly employment rate 

and the monthly birth rate 9 months 

later for the years 1931 to 1939 (/3). 

Sweden also experienced an increase 

in fertility accompanying the imple- 

mentation of her population policy, 

the birth rate rising from 13.7 in 1934 

to 20.6 in 1944. Since then, however, 

the Swedish birth rate has dropped 

steadily (it was back at 14.2 in 1958), 

although the pronatalist policies have 

been continued. 

The experience in France is particu- 

larly interesting. There prewar poli- 

cies were accompanied by a continued 

drop in the birth rate. However, the 

implementation of the Code de la 

famille coincided with an increase in 

fertility during the latter years of the 

war, and with the end of the war the 

French birth rate soared. France main- 

tained a relatively high birth rate after 

the postwar baby boom had run its 

course in other western European na- 

tions. French expert Alfred Sauvy gives 

the credit to French policy (/4), but it 

must be noted that the birth rate in the 

United States has also risen high and 

stayed high since World War II, without 

any deliberate population policy what- 

ever. 

Wars, Revolutions, and Migrations 

Any gains in European population 

won through governmental policies 

have been more than offset by losses 

due to political strife, for this bloodiest 

of all centuries has seen Europe 

wracked by two world wars, a civil 

war, a revolution, and a number of 

smaller conflicts. The total losses in 

population are difficult to count, for 

they include not only war dead but 

also deaths from disease and malnu- 

trition following in the wake of the 

wars, and “losses” attributable to the 

fact that a large number of births 

which would have occurred in peace- 

time did not occur in time of war. 

Estimates place the total cost in lives 

of Europeans (/5) of the two world 

wars alone at well over 100 million. 

Russia alone suffered a staggering loss 

of some 71 million lives. Germany was 

the second largest loser, but her losses 

are estimated at only one-seventh of 

Russian losses. French and British losses 

combined were less than those of 

Germany. 

Significantly, losses in Eastern Eu- 

rope were greater in both wars than 

those in Western Europe, but the dif- 

ference was especially great in World 

War II. Among the major powers, 

France suffered military losses in 

World War II of about 200,000. If 

one adds the deaths of civilians, de- 

portees, and prisoners of war, the total 

reaches about 600,000, or less than half 

the comparable losses in World War I. 

In Britain, losses in all categories— 

military casualties, excess civilian 

deaths, and the deficit of births—were 

less than they had been in World War 

I. Russian losses, in contrast, were al- 

most double what they had been in 

World War I, for the Soviet Union suf- 

fered an estimated 25 million war deaths 

and a deficit in births of 20 million as 

a result of World War II. The Soviet 

satellite nations in Eastern Europe had 

a loss from excess deaths alone of more 

than 6 million (2, p. 14; 16). 

The difference in the magnitude of 

the losses of eastern and western Euro- 

pean countries can be attributed in 

part to the shorter period of fighting 

in Western Europe. In addition, the 

slaughter by the Germans of their 

eastern European captives was much 

worse than anything that occurred in 

Western Europe. 

Population deficits, however, are 

not the only demographic changes 

brought about by political conflict in 

Europe. War, revolution, revolt, and 

political persecution dislocated millions 

of Europeans, forcing them to migrate 

from one nation to another and result- 

ing in a serious loss of population for 

Eastern Europe. 

Again, exact figures are hard to 

come by, since many of these forced 

migrations were illegal and therefore 
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not counted, or since they took place 

in the midst of wars. However, the 

estimated total for refugee migration 

in Europe since World War I is in the 

neighborhood of 30 million people. 

This includes 1% million refugees 

from the Russian Revolution, about % 

million Republican refugees from Spain 

(more than half of whom Jater returned 

home), and some 800,000 prewar 

refugees from Nazism in Germany, 

Austria, and Czechoslovakia. 

However, nothing that went on be- 

fore the war can compare with the dis- 

placement of at least 21 million people 

by World War II. As Hitler’s armies 

advanced, miilions of Europeans fled 

before them, while at least 8 million 

others who did not flee fast enough 

were shipped back to Germany as 

prisoners of war and slave laborers. 

In addition, Germany expelled over 2 

million Poles, Slovenes, and inhabitants 

of Alsace-Lorraine from their terri- 

tories to make way for German settlers. 

Then, as Germany began to lose the 

war and her armies began to retreat, 

the Nazis conducted a mass abduction 

of non-German civilians. German set- 

tlers, non-German _ collaborationists, 

and anticommunists from Eastern Eu- 

rope went along with them voluntarily. 

By the end of the war, there were 

probably more than 12 million non- 

German displaced persons in Europe 

and about 9% million German ref- 

ugees from other territories crowded 

into Germany. 

Territorial changes at the end of 

World War II further scrambled Eu- 

rope’s population, changing the alle- 

giance of many Europeans even though 

they did not migrate, and altering the 

size of nations. Most seriously affected, 

of course, was Germany, which was 

split in half and which lost both ter- 

ritory and population. Not until 1953 

did the total German population again 

reach the size it had been in 1939. 

West Germany today is again the larg- 
est nation in population size in Europe 

(unless one counts the Soviet Union), 

but Germany no longer towers over 

Britain in population, as it did before 

the war. Rumania lost more than 4 

million people (a fifth of its popula- 

tion) through loss of territory; Poland 

suffered a net loss of 3 million. Today, 

Poland, Rumania, and Czechoslovakia 

all have smaller populations than they 

had in 1939. 

As a net result of territorial changes 
and war losses, Eastern Europe as a 

whole (not including the U.S.S.R.) 
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lost 25 million people between 1938 

and 1947 (2, p. 16), and the exodus 

from Eastern Europe continues. Since 

World War II, roughly .3.1 million East 

Germans have escaped to West Ger- 

many, and 190,000 Hungarians left 

Hungary at the time of the unsuccess- 

ful revolt. 

Of particular interest and significance 

is the constant flow of Germans seek- 

ing refuge in West Germany and in 

West Berlin. The migration has been 

large enough to erase the natural gain 

in East Germany due to an excess of 

births over deaths, thus causing a 

steady decline in the total population 

of East Germany. In addition, the mi- 

gration has affected the age structure, 

since a high proportion of the refugees 

are young, 40 percent of them being 

between the ages of 14 and 24 (2, p. 

21). Politically, the exodus has been 

both frightening and dangerous to the 

East German regime, and the desire 

of the communists to see the Allies 

move from West Berlin surely reflects 

in part a desire to close the escape 

hatch from Eastern Germany (/7). 

However, to the degree that the mi- 

Table 2. Populations of communist and non- 
communist nations of Europe, 1958. [From 
1, Table 1] 

Siiaion Population 
(millions) 

Noncommunist nations 

Western bloc 
West Germany* 54 
United Kingdom 52 
Italy 49 
France 45 
Spain 30 
Netherlands 11 
Belgium 9 
Portugal 9 
Greece 8 
Denmark 5 
Norway 4 
Luxembourg 0.3 
Iceland 0.2 

Neutral 
Sweden 7 
Austria 7 
Switzerland 5 
Finland 4 
Ireland 3 

Total noncommunistt 302 

Communist nations 

Russian bloc 
U.S.S.R. 209 
Poland 29 
Rumania 18 
East Germanyt 17 
Czechoslovakia 13 
Hungary 10 

Bulgaria 8 
Albania 2 

Neutral 
Yugoslavia 18 

Total communist 324 

* Includes West Berlin. 
up because of rounding. 

¥ Totals do not add 
t¢ Includes East Berlin. 

grants are motivated by a desire for 

higher living standards rather than a 

wish to escape totalitarianism, the mi- 

gration should diminish somewhat if 

the presently low standard of living in 

East Germany rises. 

Size and Distribution 

of European Population 

The flight from East Germany illus- 

trates vividly the most important politi- 

cal legacy of World War II to 

Europe: the division of the continent 

into two opposing camps. This division 

is probably permanent, for it rests not 

only upon the obvious irreconcilability 

of the U.S.S.R. and the Western Pow- 

ers; it is beginning to be grounded on 

something deeper than ideology—that 

is, upon the growing economic and . 

military integration of the countries 

within each bloc. 

Demographic factors play an im- 

portant part in shaping the relative 

power of these two blocs, for popula- 

tion size is one of the important deter- 

minants of national power in the mid- 

20th century, although of course there 

are other important determinants as 

well (18). In population size, the 

halves are. roughly equal. West of the 

Iron Curtain live some 302 million 

people, while east of the line live 97 

million people, if Yugoslavia and the 

U.S.S.R. are excluded. However, if 

one adds to the Eastern bloc the 209 

million people of the Soviet Union, 

the two regions are almost exactly 

equal in size (see Table 2). 

This is not to say that the two areas 

are equal in power, for the West pos- 

sesses an advantage in being far more 

developed economically, while the 

East possesses an advantage in consist- 

ing of fewer units, more closely tied 

together. 

The economic superiority of West- 

ern Europe is clear. Western Europe, 

which was the first of all the regions in 

the world to industrialize, is today one 

of the richest areas on earth, with an 

aggregate wealth greater than Russia’s 

and second only to that of the United 

States. Though rapid development in 

Eastern Europe may change this pic- 

ture in the future, Western Europe 

today enjoys a clear superiority in capi- 

tal goods, in annual production, and 

in living standards. These are great 

assets as far as international power is 

concerned. 

The distribution of population 
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among the nations of Europe, however, 

confers an even more important advan- 

tage upon the communist nations, for 

there are only nine nations in commu- 

nist Europe, while there are 18 non- 

communist European nations (not 

counting such tiny entities as Andorra, 

Liechtenstein, Monaco, San Marino, 

and Vatican City). Furthermore, the 

population of the European commu- 

nist nations is heavily concentrated; 

two-thirds of the entire population is 

in the Soviet Union. Add the fact that, 

with the possible exception of Czecho- 

slovakia, the U.S.S.R. is also the most 

economically advanced nation in com- 

munist Europe, and it is clear that 

Russia has an immense power advan- 

tage over her European neighbors. 
This power advantage is most im- 

portant in shaping the course of events 

in Eastern Europe, for it is almost 

completely because of Russian power 

that the satellite nations are in the 

communist camp at all. Russia has 

used her great preponderance of pow- 

er, based in large part upon her pre- 

ponderance of population, to force the 

economic integration of Eastern Eu- 

rope. The military establishments of 

the various satellite nations are also 

undergoing integration. 

The situation is quite different in 

Western Europe. Five of the noncom- 

munist nations. are not, politically 

speaking, in the Western camp at all 

(they are Austria, Finland, Ireland, 

Sweden, and Switzerland), and the re- 

maining 13 are far from united. This 

lack of unity is due in part to the fact 

that no one nation of overwhelming 

size controls the area. Domination of 

Western Europe is shared by four mid- 

dle-sized nations of roughly the same 

size. Britain, France, West Germany, 

and Italy, ranging in size from France’s 

45 millions to Germany’s 52 millions 

(54 millions including West Berlin), 
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tule between them almost two-thirds 
of the population of Western Europe. 

No one of these nations has been will- 

ing to submerge its identity or even to 

sacrifice its national interests for the 

sake of western unity, and each of the 

four possesses the power to resist the 

wishes of the other three. 

Future years will bring changes in 
the factors determining the relative 

power of Eastern and Western Europe. 

At present, the eastern European na- 

tions are growing in population at a 

higher rate than the western European 

nations, and in the short run, at least, 

they should increase their superiority 

in numbers over the western nations, 

in spite of a continuing drain of mi- 

grants fleeing from East to West. 

The greatest change, however, will 

be in industrial strength, for here the 

East still has great gains to make. At 
present the western nations possess 

the advantage of highly industrialized 

economies, while many of the eastern 

satellites are still quite backward eco- 

nomically. However, modernization is 

being pushed very rapidly both in the 

satellites and in the Soviet Union. Eco- 

nomic progress will continue in the 

West, but for the more advanced na- 

tions the dramatic increase in power 

that comes with the first shift from an 

agricultural to an industrial economy 

lies far in the past. No future economic 

change is likely to bring with it another 

such sudden boost in power. Eastern 

Europe, on the other hand, has still to 

experience some of this sudden growth 

in power; we are currently witnessing 

such a growth in the Soviet Union, 

and it will soon occur in the satellites 

as well. Finally, it appears that regional 

unification is also proceeding more ra- 

pidly within the Eastern than within 

the Western bloc, and this trend, too, 

will probably continue. 

There is, however, one way in which 

Western Europe can use its population 

to increase its power. By reorganizing 

its people into fewer and larger politi- 

cal units, preferably into one United 

Europe, Western Europe would gain 

the power that comes from being a 

giant nation—power such as that pos- 

sessed today by the United States and 

Russia, each of which, incidentally, 

has a smaller population than a United 

Europe would have. The gain in power 
of such a political reorganization might 

well be comparable to the advantage 

Europe gained long ago by being the 

first continent to go through the Indus- 

trial Revolution and the population 

explosion. 
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CURRENT PROBLEMS IN RESEARCH 

Sensory Deprivation and 

Hallucinations 

What conditions of minimal or controlled sensory 

stimulation favor the generation of hallucinations? 

Jack Vernon, Theodore Marton, Ernest Peterson 

In 1954, investigators working in the 

psychology laboratories of D. O. Hebb 

at McGill University began studies on 

how man responds to conditions of 

drastically reduced sensory input. Since 

then many other investigations have 

been made as a result of that work. 

Some workers have called the experi- 

mental situation isolation, some have 

called it reduction in variability of 

sensory stimulation, others term it per- 

ceptual isolation, and others (including 

ourselves) call it sensory deprivation. 

Of the many important and inter- 

esting results of the original work at 
McGill none was more dramatic than 
the discovery that the isolation condi- 

tions elicited vivid and elaborate visual 

hallucinations. Twenty-five of the 29 

subjects experienced some form of hal- 

lucinating activity; the time of initial 

occurrence of these experiences ranged 

from 20 minutes to 70 hours after the 

beginning of confinement. 

Confinement in the McGill work was 

in a small, lighted cubicle, where each 

subject wore a pair of translucent 

goggles through which brightness, but 
not form, discriminations could be 

made. The masking noise of an air 
conditioner was also continually pres- 

ent during confinement. The subjects 
were asked to remain in confinement as 

long as they could, and this was usually 

2 or 3 days. During the confinement the 

subjects could communicate at will with 

the experimenter through a two-way 

speaker system. Food was brought in 

upon request. The experimenter led the 

subject to an adjacent room to satisfy 

toilet needs. In all, these interruptions 

took up 2 or 3 hours per day. 

The authors are members of the staff of the 
department of psychology, Princeton University, 
Princeton, N.J. 
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The Princeton series of experiments 

on sensory deprivation began about a 

year after the appearance of the first 

published report of the McGill in- 

vestigations. The confinement condi- 

tions used at McGill were not dupli- 

cated, since we hoped to provide an 

extension of, and not a repetition of, 

those studies. In our work the subjects 

were isolated in a dark, lightproof, 

soundproof cubicle. The confinement 

cell was only slightly larger than the 

extra-long single bed it contained. A 

“panic button” was located inside the 

cubicle by which the subject could 

demand an early release if confinement 

became unbearable, and subjects were 

paid $20 per day of confinement. 

Within limits, they did not know how 

long confinement was to last. We re- 

quested that they make themselves 

available for a block of 5 or 6 days; of 

this time we would use what was 

needed. 

These were the general conditions of 
the sensory deprivation studies; varia- 

tions of them or other special condi- 

tions, according to the particular study, 

are indicated below. 

First Study 

The first group of subjects, only four 

in number, were confined under the 

mildest conditions of sensory depriva- 

tion we have ever used. They had 

their meals brought in to them on 

schedule, and they ate by the illumina- 

tion of a 15-watt red bulb. Each sub- 

ject was confined for 48 hours; during 

this time the subjects were blindfolded 

and led to the toilet upon request. Their 

confinement was twice interrupted in 

order to conduct learning tests. 

Not one of these subjects reported 
any visual hallucinations. We reason 
that the opportunity for good vision 

with form discrimination at meal times 

may have prevented hallucinations. 

Second Study 

In the second study the opportunity 

for sensory stimulation during con- 
finement was reduced but not elimi- 

nated. Food was not brought into the 

cell but was stored there in advance of 

confinement. A food chest, stocked with 

sandwiches, soups, fruit, and water was 

available to the subject, and he ate 

ad libitum in total darkness. Toilet 

requirements were still a problem. 

Upon request, the subject was blind- 

folded and led down a long corridor 

to a toilet. There were usually about . 
two such trips per day of confinement. 

We later learned that the blindfold was 

not entirely satisfactory and that minor 

light leaks occurred; at the time we 

considered this to be of little impor- 
tance. 

Of the 11 subjects confined under 
these conditions, nine completed 72 

hours. Six of these nine subjects re- 

ported hallucinations. One subject ex- 

perienced four different hallucinations, 

while the other five subjects reported 
experiencing two hallucinations apiece. 

The reported hallucinations varied in 

content and complexity, and it was 

along these dimensions that we at- 

tempted to classify them. Type 1 hallu- 

cinations were defined as the simplest— 

those composed of flashing, flickering, 

and dim glowing lights which lacked 

shape or form and which appeared in 

the peripheral field of vision. Type 2 

hallucinations were defined as having 

simple but definite shape, usually geo- 
metric in nature, and as occurring in 

the central visual field. Type 3 hallu- 

cinations were highly structured, in- 
tegrated scenes containing many com- 

plex elements, movements, and so on, 
and more nearly resembled an ordi- 
nary visual experience. 

Of the 14 hallucinations reported in 
this study, nine were of type 1 and 

five were of type 2; there were none 

of type 3. This finding is still somewhat 

in contrast to the results of most of the 

other investigations of sensory depri- 

vation, where the reported hallucina- 

tions are of type 3 and of far greater 
frequency. 

Of course, one of the major problems 

in this area is the adequate definition 
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Fig. 1. Shaped ping-pong balls attached 

over a subject’s eyes by mole skin. 

of a hallucination as distinguished from 

vivid imagination, daydreams, hypna- 

gogic visions, and so on. Our own 

attempt at a definition of hallucination 

led us to accept the following criteria: 

(i) it had to have an “out-thereness’’; 

(ii) its content could not be con- 

trolled by the subject; (iii) its begin- 

ning or ending could not be controlled 

by the subject; (iv) it had to be scan- 

nable; and (v) ideally, it should “fool” 

the subject. 

A consideration of the findings of the 

first two studies led us to believe that 

Fig. 2. Face mask devised to provide a 
constant level of illumination. The ex- 

ternal insulation has been removed to 

show the construction of the mask. The 

arrow points to an ear phone. 
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the severity of the conditions of con- 

finement was important for the gen- 

eration of hallucinations. Thus it was 

decided to further reduce the opportun- 

ity for sensory stimulation in the next 

study. 

Third Study 

In order that confinement should not 

be interrupted, and so that there would 

be complete social isolation, toilet 

facilities were provided within the 

soundproof chamber. These toilet facil- 

ities consisted of relief bottles placed 

within the confinement cubicle and a 

chemical toilet placed just outside it 

but still within the dark, soundproof 

chamber. These two facilities were 

sealable, so that odor was not a prob- 

lem, and they could be easily used in 

total darkness. 

With the addition of the new toilet 

facilities it was possible to confine sub- 

jects in total darkness without any 

chance of light leaks and without any 

human contact, as well as under sound- 

proof conditions. Needless to say, in 

none of our studies were subjects 

allowed to make sounds such as talk- 

ing, singing, and so on. A monitoring 

system revealed whether the subjects 

adhered to these instructions. 

Under these conditions, nine sub- 

jects. were confined for 4 days each. 

Only one hallucination, and a doubtful 

one at that, was reported. This partic- 

ular report came toward the end of a 

confinement. The subject was about to 

eat a sandwich when he noticed that its 

edge “glowed.” (Since it was a lunch- 

meat sandwich it is probably just as 

well that he threw it away!) 

Our findings up to this point indi- 

cated that we had made the wrong 

assumptions as to which factors under- 

lie the hallucinatory activity of sensory 

deprivation. For, within limits, it now 

appears that, contrary to our initial 

premise, as the sensory impoverishment 

of the confinement increases, the likeli- 

hood of hallucinations decreases. 

As shown in preceding paragraphs, 

our second study yielded more reports 

of hallucinations than either of the 

other two; moreover, the second study 

was the one in which the accidental 

light leaks occurred around the blind- 

fold which was used when the subject 

was taken to the toilet. Not only in our 

own studies did the presence of illumi- 

nation seem important for hallucina- 

tions; it was also important in the 

Fig. 3. Test subject wearing the face mask. 

studies of others, such as the investi- 

gations at McGill, in which frequent 

hallucinations were reported. There- 

fore, we started another series of studies 

in which we utilized various kinds of 

visual stimulation. 

Fourth Study 

We still felt that patterned illumina- 

tion during sensory deprivation would 

inhibit the occurrence of hallucinations; 

otherwise, man in the everyday world 

might be plagued by them. 

Instead of depending on accidental 

light leaks, with all their complications, 

we copied some of the McGill condi- 

tions. For example, we wanted a diffuse, 

homogeneous illumination which would 

not permit form discrimination. This we 

achieved by placing shaped ping-pong 

balls over the subjects’ eyes, as indi- 

cated in Fig. 1. Illumination could be 

perceived through the celluloid hemi- 

spheres, but pattern vision was not 

possible. If the source of illumination 

had been fixed—say, in the ceiling of the 

cubicle—the intensity of the illumina- 

tion would have varied as the subject’s 

head moved. To eliminate this variabil- 

ity, the source of illumination was 

attached to a mask worn by the sub- 

ject so that it moved with him and thus 

provided a constant level of illumina- 

tion. Figures 2 and 3 show the arrange- 

ment of an illuminated panel attached 

to a welder’s face mask which was 

fitted to the subject’s head. The illu- 

minated panel was made of Sylvania 

Panelescent material which provided a 

1809 



Fig. 4. A posed picture showing a subject’s position in the cubicle and the arrangement of food and water (the subject would not 

wear a wrist watch in an actual study). The microphone hanging from the ceiling is for monitoring. 

uniform, dull, pale blue-green glow that 

filled the entire visual field. The only 

way the intensity of the stimulus could 

be varied was by the subject’s closing 

his eyes. 

The arrangements for eating were 

also changed at this point; the cubicle 

was stocked with jars of junior-grade 

baby food, bars of tropical chocolate, 

and water. A jar of food could be 

opened as it was needed, and thus the 

possibility of spoilage and the need for 

refrigeration were eliminated. It was 

even possible for the subjects to con- 

trol the selection of their food, de- 

spite the darkness, because the jars 

were coded. Each jar had a plastic 

spoon taped to it. If the jar con- 

tained a main course, the handle of 

the spoon was down; if it contained a 

dessert or a fruit, the handle was up, 

as indicated in Fig. 4. These foods 

were bland, nutritious, and completely 

adequate for confinement conditions. It 

should be pointed out, however, that 

almost all the subjects lost weight. In 

some cases the loss was as much as 5 

pounds in 2 days of confinement. The 

mean loss in weight was just under 3 

pounds; this, oddly enough, did not 

correlate with the amount of food 

consumed. 

1810 

Ten subjects were confined under 

these conditions for 48 hours each. All 

were as thoroughly informed about 

hallucinations as was possible. They 

were briefed on the criteria of halluci- 

nations as well as on the relevant charac- 

teristics which they should attempt to 

report. In addition, we emphasized that 

there was no stigma attached to having 

hallucinations under conditions of 

sensory deprivation. 

Of these ten subjects, two experi- 

enced hallucinations—in all cases, of 

type 3. One subject saw a “skyline” 

and ‘ta cogwheel turning slowly,” while 

the other subject saw “a floral wall- 

paper design,” “a river with floating 

white balls,” “an archway,” and “a 

chapel.” Each of these hallucinations 

was very brief, lasting less than a few 

seconds. 

The remaining eight subjects experi- 

enced no hallucinations. 

Fifth Study 

Results of the fourth study were 

neither clearly negative nor clearly 

positive with respect to the occurrence 

of hallucinations. This was the first 

time that type 3 hallucinations had been 
- 

reported in our studies, but, on the 

other hand, only two of the subjects 

experienced hallucinations at all. Our 

results up to this point clearly indicated 

that the conditions under which hallu- 

cinatory activity is maximum had not 

yet been found. 

Another stimulus factor which was 

present in many other confinement 

studies in which frequent hallucina- 

tions were reported was monotonous 
sound. On the assumption that this 

added stimulation might in some way 
contribute to visual hallucinations, we 

next introduced sound along with the 

light stimulus. 

As with the light, we attempted to 

present a sound stimulus which was 

constant. Thus, the sound was piped 

in to the subject through ear plugs of 

the hearing-aid type, which can be 

seen in Fig. 2. If the sound had been 

broadcast into the room from a fixed 

point, the subject would have been able 

to vary its intensity by moving his 

head. Our arrangement rendered the 

intensity of the sound stimulus constant, 

regardless of head position and move- 

ment. The sound stimulus used was 

thermal noise presented at 40 decibels 

above the subject’s threshold for this 

kind of sound. 
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Eleven subjects were confined for 48 

hours under these conditions of con- 

stant sound and light. None of them 

reported any visual hallucinations. 

The tally of all our data up to this 
point is that, of 45 subjects, only nine 

experienced visual hallucinations. Clear- 

ly, then, we seemed to have made 

the wrong hypothesis regarding the 

conditions of sensory deprivation neces- 

sary for maximum occurrence of hallu- 

cinations. 

Before turning to the next study, 
however, we want to report two inter- 
esting observations concerning the 
visual stimulus utilized in the fourth 

and fifth studies. All subjects reported 

that the light stimulus soon lost its blue- 

greenish color and became a dark gray, 

but oddly enough, the color was im- 

mediately restored with each blink of 

the eye. Once restored, however, it 

quickly seemed to fade again to a gray. 

Thus, the visual stimulus was not as 

constant as we had hoped it would be, 

and perhaps it is impossible to obtain 

complete constancy. 

The second item of interest was the 

total absence of afterimages for all 

subjects. At the end of the confine- 

ment the illumination was extinguished 

and the subject was plunged into com- 

plete darkness. Normally, under these 

conditions, with a stimulus of this 

intensity and duration, afterimagery 

would have been very pronounced. 

However, such was not the case, al- 

though the subjects were specifically 

instructed to look for afterimages and 

did so for a considerable period of 

time. 

Sixth Study 

As shown earlier, the greatest fre- 

quency of hallucinations in our investi- 

gations occurred during the second 

study. In that study accidental light 

leaks were present, due to faulty blind- 

folds which were utilized twice each 

day of confinement. At first we thought 

the important feature was that non- 

patterned vision occurred, but our find- 

ings now seemed to place importance 

upon the noncontinuous nature of the 

stimulus. Thus we decided to present a 

brief light stimulus which was amor- 
phous, multicolored, and of low in- 

tensity. Obviously the fationale for 

some of these conditions was little better 

than hunch. 

The visual stimulus was presented on 

a 30- by 30-inch panel on the wall at 

the foot of the subject’s bed. The visual 
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Fig. 5. The headgear that holds the sub- 
ject’s microphone. 

display was composed of smears and 

pieces of pastel-colored chalk, which 

became luminescent when illuminated 

by black light. When the panel was 

activated it appeared to have an amor- 

phous tridimensionality which some- 

what resembled a dark and distant 

starry sky. The starters for the black 

light were removed from the light fix- 

ture and placed outside the experi- 

mental chamber because they made a 

buzzing sound during operation. 

The subject no longer wore the mask 

of the previous study but was equipped 

with the headgear shown in Fig. 5. 

A microphone was placed in front of 

his mouth so that he might report 

hallucinations at the time of their 

occurrence. 

Ten subjects were confined for 48 

hours, during which time the panel was 

illuminated for at least two 1-second 

periods every 8 hours. Such a schedule 

could not be followed rigidly because 

the subject was often asleep when 

scheduled to receive the stimulus; 

nevertheless, the schedule was followed 

as closely as possible. (It was possible 

to determine when the subject was 

asleep by listening to his breathing 

sounds.) 

Of the ten subjects in the sixth 

study, only one reported visual hallu- 

cinations. This particular subject not 

only had every possible variety of hal- 

lucination, but he also had an unbe- 

lievably large number of them. He 

made a total of 96 reports, reporting 

18 hallucinations of type 3, 11 of type 

2, and 12 of type 1, and reporting on 

45 other occasions that “the level of 

illumination in the room has changed” 

when he was actually in total darkness. 

The great frequency of his reports 

seemed to be more an indication of a 

need to maintain contact with the out- 

side world than a measure of halluci- 

natory activity. 

In connection with the sixth study, 

several incidental findings are of inter- 

est. For one thing, almost all subjects 

in the sixth study had the strong im- 

pression that the visual panel was il- 

luminated by a light from behind their 

heads. Actually, the source of illumi- 

nation was immediately below the 

panel. These subjects did not assume 

that the illumination came from behind 

them but, as they reported, they 

seemed to “see” it as coming from 

behind them. We are at a loss to under- 

stand these reports. 

The subjects did not know in advance 

that visual stimuli would be presented 

to them during confinement. At the first 

presentation a few subjects expressed 

doubt about the reality of their visual 

experience. With the continued presen- 

tation, they quickly became aware of 

the true nature of the stimulus. A sub- 

ject usually verified his opinion by 

waving his hands before his face while 

the stimulus was on. 

” 

Auditory Hallucinations 

Up to this point no mention has been 

made of the occurrence of auditory 

hallucinations, and for good reason. If 

the identification of visual hallucina- 

tions offers some complications, the 

situation is even worse for auditory 

hallucinations. The problem is that one 

can never be sure that the sounds heard 

are not real sounds rather than hallu- 

cinatory ones. It is never possible to be 

absolutely sure that no sound has 

reached the ears. Even in entirely 

soundproof quarters, where there is no 

possibility of hearing any external 

sound, one can still be auditorially stim- 

ulated by one’s own breathing noises, 

pulse sounds, middle-ear muscles, and 

so on. In our sensory deprivation cubi- 

cle, which afforded 80-decibel sound at- 

tenuation, it was still possible to detect 

certain faint building and construction 

noises. Thus, when a subject reported 

“hearing” something there was always 

some possibility that the sound was 

real and not hallucinatory. 

Nevertheless, there were still some 

reports of auditory phenomena which 

were of interest. There were no occur- 

rences of elaborate auditory halluci- 

nations such as “voices” or “music,” 

but many subjects reported hearing 

“soft rain” or “soft rain on a tin roof.” 
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These reports could not have been pro- 

duced by real rain sounds because of 

the soundproofing of the cubicle, and 

besides, often no rain had fallen. 
Many subjects reported hearing 

“muffled engine noises,” such as truck 

engines. It may be that they expected 

to hear highway noises, since there is a 

highway near the laboratory. In the 

same vein, several subjects reported 

hearing “the school bells”; this again 

may have been more an expectation 

than an actuality. 

As explained earlier, in the- fifth 

study sound was constantly present 

during confinement. That sound had 

no effect upon these reports of auditory 

phenomena. It did not produce unique 

auditory hallucinations, and it did not 

terminate reports of the kind described 

above. We feel that the auditory 

phenomena were probably auditory illu- 

sions rather than hallucinations. 

Conclusions 

At this point in our studies of sensory 

deprivation we can only conclude that 

we have yet to ascertain the maximum 

conditions for the generation of halluci- 

nations. In all of the attempts we have 

made so far we have failed to obtain 

the frequency of reported visual hallu- 

cinations found in the investigations of 

others. 

We subjected 55 subjects to various 

degrees of sensory deprivation and 

Science in the News 

Space Communications: The Future 

Is Not Far Away, But the Major 

Policy Questions Are Unresolved 

The Federal Communications Com- 

mission this week brought together a 

group of representatives of the com- 

munications industry and government 

agencies to begin exploring arrange- 

ments for development of an interna- 

tional’ satellite communications system. 

The direct issue, as put by John Finney 

in the New York Times, is “who shall 

sow and who shall reap the first big 

financial dividends of the space age. . 

who shall own and operate a communi- 

cations satellite system that would open 

up vast new channels of communica- 

tions between all the nations of the 

world.” 

The FCC does not have the au- 

thority to give the definitive answers 

to these questions. They raise the ques- 

tion of the extent of government par- 

ticipation in the system that may be 

desirable or necessary, and at least the 

possibility of outright government own- 

ership. The FCC must work under the 
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assumption that the system will be 

privately owned. Any departure from 

this assumption would have to be made 

by the White House and Congress. 

What the FCC tried to do this week 

was to make a start toward settling the 

conflicts among the segments of pri- 

vate industry and to lay the basis for 

industry representatives to get together 

and work up a proposal showing what 

industry feels it can accomplish. 

The American Telephone and Tel- 

egraph Company has already asked for 

permission to go ahead with a plan 

for putting 20 satellites in orbit in or- 

der to have a commercial system for 

transatlantic communication in opera- 

tion by 1964. A.T.&T. would pay for 

the satellites and the cost of putting 

them in orbit. But the Antitrust Divi- 

sion of the Justice Department has 

come out against any single company’s 

dominating satellite communications, 

and the assumption behind the meeting 

this week was that a consortium of cor- 

porations in the international commu- 

nications field should jointly manage 

any proposed system. But it is far from 

- 

found that only ten of thé¢m experi- 

enced visual hallucinations. [These pre- 
dominantly .negative findings| neverthe- 
less lead to some positive statements 

about sensory deprivation and halluci- 

nations. For example, it appears that 

absolutely maximum _ conditions of 

sensory deprivation do not elicit hallu- 

cinations. It also appears that neither 

continuous homogeneous nor momen- 
tary amorphous visual stimuli during 

sensory deprivation lead to hallucina- 

tions. However, because some halluci- 

nations were reported in our studies, 

we may not assume that hallucinogenic 

factors were completely lacking. Our 

continuing program of research on 

sensory deprivation includes attempts 

to isolate these critical factors. 

settled whether this will be the actual 

approach decided upon, and if it is, it 

is only an approach, providing only the 

framework for the answers, not the an- 

swers themselves, to the very compli- 

cated problems of how the system 

should be financed, controlled, and 

operated, and who should profit from it. 

Time Factor 

The great significance of the A.T.&T. 

proposal, with its operating target date 

of 1964, is the forceful reminder it 

offers of how quickly difficult decisions 

must be made if the United States is 

to take full advantage of the lead it 

holds over the Russians in the practical 

uses of space. This was again empha- 

sized in Kennedy’s inclusion, in his ex- 

panded space budget, of $50 million 
extra for fiscal 1962 to speed the de- 

velopment of communication satellites. 

This more than doubled the $44 mil- 
lion already requested, and a good part 

of this speeded-up spending is pointless 

unless we intend to make prompt use 

of the satellites once they are developed. 

None of the development money 

would be spent specifically to set up an 

operating system, but the prototype 

satellites put up will be usable. The 

first of the Project Relay satellites, 

which will receive, amplify, and re- 

broadcast signals, is scheduled for mid- 

1962. It will travel in an elliptical or- 

bit ranging from 1000 to 3000 miles 

above the earth, and will be in sight 
of stations on both shores of the At- 

lantic Ocean for 10 to 35 minutes owt 

of an orbiting time of 180 minutes. 
Conditions will be right for transatlan- 
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tic communication for three or four 
consecutive orbits per day. 

During these periods it will be pos- 

sible to transmit live telecasts across 

the Atlantic. Also, with techniques al- 
ready available, by using high-speed 

transmission, the 10- to 35-minute 

transmission periods may be more than 

sufficient to transmit a television pro- 

gram that will last several hours when 

rebroadcast at normal speed, perhaps 

long enough to cover the 3-hour period 

until the satellite swings~around. the 

world and is in position for another 

burst of transmission. This does not 

quite make possible extensive live trans- 
atlantic television, since the system, with 

only one satellite available, will under 

these circumstances involve several 

hours’ lapse between an actual event 

and the time it is seen on television 

screens across the ocean. But either 

the brief “real time” transmissions or 

the high-speed transmissions would be 

a great advance in transatlantic televi- 

sion coverage. The closest thing now 

available is for the TV networks to 

charter a plane to fly TV film across 

the Atlantic. This first step toward an 

operating satellite system has plain 

enough commercial value to make only 

a year away, if the schedule is met, 

the problem of how the use of this 

facility is to be allocated, and how 

much should be charged for its use. 

Touchy Questions 

The problems involved in this situa- 

tion are trivial compared with those 

that will come later, but once again 

they are a reminder of how soon defi- 

nite decisions have to be made and 

policies have to be decided on. 

The basic policies and decisions may 

be extremely controversial. Immense 

amounts of public money have made 

these satellites possible, and the na- 

tional interest is deeply involved in 

their early development into actual 

operating systems. The costs of putting 

up the first full system have been esti- 

mated at around $400 million, and in- 

dustry estimates have suggested this 

“business” of world-wide satellite com- 

munication will involve tens of billions 

a year within 15 years. 

What kind of voice, if any, should 

the United Nations or some other in- 

ternational body have ih the arrange- 

ments under which the system is used 
and over the rates that are charged? 

How much should the government at- 

tempt to recapture its “investment” in 

developing these satellites from the 
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commercial revenues that will result? 

Does private industry have the capital 

to develop these systems as quickly as 

may seem desirable? If not, under 

what arrangements should the govern- 

ment supply the additional capital need- 

ed if the systems are to be privately 

owned? Should there, indeed, be private 

ownership, or should the government 

create and own the system and merely 

rent access to it to commercial com- 

munications companies, as the telephone 

company rents access to its communi- 

cation lines? 

The last is the central problem. The 

Eisenhower Administration, in its final 

days, laid down the policy that “the 

government should aggressively encour- 

age private enterprise in the establish- 

ment and operation of satellite relays 

for revenue producing purposes.” This 

private enterprise, of course, would be 

under government regulation, as are all 

public utilities. The Kennedy Adminis- 

tration has said nothing, one way or 

the other, about this policy, and so, by 

implication, it still stands. The FCC 

invitation to the private communica- 

tions companies to send representatives 

to Washington this week followed a 

preliminary decision by the FCC 3 

weeks ago that the first system might 

be put up by a consortium of private 

corporations in the field. But that de- 

cision was intended to settle the ground 

rules for private participation rather 

than to decide the question of public 
versus private ownership. 

The decision indicated that the FCC 

shares the Justice Department view that 
no one company should dominate the 

venture, and it defined the types of 

companies eligible for participation in 

the consortium and the rights of other 

companies with interests in the field, 

but which might not be members of 

the consortium. Essentially, it was mere- 

ly a necessary first step for making the 

more basic decision over public versus 

private ownership, since in order to 

compare the relative merits of the two 

approaches an arrangement had to be 

made for industry to present its pro- 

posals for developing the new area. 

Ownership 

The new Administration does not 

share Eisenhower’s strong distaste for 

new federal activity, and there is strong 

feeling in: the Democratic party that, 

as a matter of principle, an effort in- 

volving as much public money and as 

deep a national interest as this does 
not only could, but should, be publicly 

owned. If the decision is for private 

ownership there will be vigorous cries 
of “giveaway,” and if the decision is 

for public ownership, there will be even 

more vigorous cries of “socialism.” 

The central question is whether the 

national interest in the speed with 

which the systems are developed and 
in the way they are operated can be 

as well served by government-regulated 

private ownership as by public owner- 

ship. 
This involves not merely such ob- 

vious questions of whether industry has 

the capital to put up a system as quickly 

as seems desirable, but as FCC Chair- 

man Minow warned the industry rep- 

resentatives this week, of whether the 

system meets not only the commercial 

interests of the participating companies 

but the national interest in a system 
that would be world-wide, rather than 

confined mainly to the more profitable 
high-traffic areas, principally between 

North America and Western Europe, 

and a system which makes participa- 

tion available to all interested nations, 

small and large, around the globe. 

“Any plan,” Minow said, “not in the 

public interest in any respect will not 

be approved.” Any attempt to define 

the public interest opens a wide area of 

controversy centering around the ex- 

tent to which the Administration’s view 
of foreign-policy requirements conflicts 

with the type of system that would 

seem best on purely commercial 

grounds. 

Given the Eisenhower Administra- 

tion’s feelings about the evils of public 

ownership and its desire to keep down 

the size of the federal budget, its de- 

cision in favor of private ownership 

was almost foreordained. It naturally 

resolved any doubts in favor of private 

ownership. The Kennedy Administra- 

tion has no really strong commitment 

either way, although if the decision 

seemed close, it too would resolve its 

doubts in favor of private ownership, 

if only because although either deci- 

sion would be controversial, the deci- 

sion in favor of private industry would 

be much less so. On the other hand, 

with the new Administration there is a 

real possibility that the Eisenhower 

policy will be reversed. If so, the Ad- 

ministration may choose to avoid say- 

ing anything in public until Congress 

has finished its current session, lest 

the controversy hurt the chances of 

other parts of the Administration pro- 
gram. But any decision involving gov- 

ernment participation must eventually 
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be brought before Congress, since noth- 

ing can be done unless Congress is 

willing to authorize and then appro- 

priate the money to go ahead. 

What makes a controversy of some 

sort inevitable either way is that the 

problem is more than complicated 

enough so that it will be easy to make 

a case in favor of either approach, and 

nearly everyone will have no trouble 

convincing himself that the view he 

would tend to favor in the lack of any 

evidence is, by some happy coincidence, 

precisely the view supported by a care- 

ful study of the arguments on both 

sides. 

The Test Ban 

The Vienna talks were a “success” 

within the terms set by the Administra- 

tion at the outset. No false hopes were 

raised, and the meetings ended with no 

illusions of accommodation. The meet- 

ings gave Kennedy a chance to size up 

Khrushchev in person, and vice-versa; 

Kennedy had apparently made a strong 

impression on the Europeans; and these 

limited accomplishments were enough 

to satisfy most observers that the epi- 

sode had been, as Administration 
spokesmen described it, “useful.” 

The meetings, nevertheless, left the 

Administration with the problem of 

how to deal with the test-ban talks, and 

with no longer much hope that the Rus- 

sians are going to make the decisions 
any easier. Khrushchev confirmed the 

Russian interest in merging the talks 

with the general disarmament discus- 

sions to begin later this year, and, ac- 

cording to reports, he vigorously de- 

fended the new Soviet doctrine of three- 

headed control bodies for international 
agencies, including those to police dis- 

armament, with the Soviet, Western, 

and neutral blocks each having a veto. 

To the West, this is like a court in 
which either of the opposing attorneys 

can veto the judge’s decisions. For the 

moment, the Administration’s negotia- 

tors at Geneva continue to press on day 

after day, even though there no longer 

seems much to negotiate about, in or- 

der to impress on the world our will- 

ingness to reach an agreement, if 

it is at all possible. At home, the United 
States Information Agency, under Ed- 

ward R. Murrow, and other agencies 

are working on the problem of how to 

minimize the adverse world reaction 
that seems inevitable should it become 

necessary, after all, to resume nuclear 

testing.—H.M. 
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Announcements 

A vehicle designed to do the work 

of a diver on the ocean floor is under- 

going performance trials. at the Scripps 

Institution of Oceanography, La Jolla, 

Calif.. where it was designed. The 

machine, called a remote control un- 

derwater manipulator, or RUM _ ve- 

hicle, has a _ hand-like manipulator 

which is controlled from shore through 

a coaxial cable carrying, simultane- 

ously, 38 sets of commands to the 

machine and two television signals 

from it. 

The vehicle is driven by an electric 

motor and is able to withstand water 

pressures of 10,000 pounds per square 

inch. Two of its television cameras 

scan the ocean ahead, one searches 

behind, and the fourth follows the 

movements of the manipulator. When 

ready for operation, the vehicle will 

be used in various oceanographic re- 

search projects. 

Britain and Russia have signed a 

5-year agreement for collaboration on 

the peaceful uses of atomic energy. 

The first of a series of exchange visits 

will take place before the end of the 

year. The agreement was signed by V. S. 

Emelyanov, chairman of the State 

Committee for Atomic Energy of the 

Soviet Council of Ministers, and Sir 

Roger Makins, chairman of the United 

Kingdom Atomic Energy Authority. 

A new scientific association, the 

International Union of Geological Sci- 

ences, was recently formed after a 

meeting of geologists from 25 coun- 

tries held at UNESCO House, Paris. 

The union, now a member of the In- 

ternational Council of Scientific Unions, 

was formed on the basis of a proposal 

adopted at the 1960 meeting of the 

International Geological Congress. J. 

M. Harrison, head of the Geological 

Survey, Ottawa, Canada, has been 

elected president; vice presidents are 

I. 1. Gorski (U.S.S.R.), L. Hawkes ° 

(United Kingdom), Teichi Kobayashi 

(Japan), Lamego (Brazil), Jean Lom- 

bard (France), and B. C. Roy (India). 

A new information and _ analysis 

center, to evaluate reports and pub- 

lications containing seismic informa- 

tion on explosions and earthquakes, 

has been established by the University 

of Michigan’s Institute of Science and 

Technology. Supported by a contract 

from the Advanced Research Projects 

- 

Agency (ARPA), the institute’s Fluid 

and Solid Mechanics Laboratory is set- 

ting up the VELA Seismic Information 

Analysis Center (VESIAC). The cen- 

ter will evaluate and disseminate 

information gathered in the seismic 

research portion of the ARPA Vela- 

Uniform program, the national pro- 

gram of research in the detection and 

identification of underground nuclear 

tests. It will also be responsible for 

summarizing current seismic knowledge 

which may be useful to the program. 

Grants, Fellowships, and Awards 

Fulbright scholarships for graduate 

study or predoctoral research in 32 

countries will be available to over 800 

graduate students for the 1962-63 aca- 

demic year. In addition, awards for 

graduate study in Latin America and 

Ireland will be offered. Requests for 

application forms must be postmarked 

not later than J October 1961; appli- 

cations will be accepted until 1 No- 

vember. (Information and Counseling 

Division, Institute of International 

Education, 1 E. 67th St., New York 21) 

Modest grants to assist individuals 
wishing to study at the Chicago Natur- 

al History Museum are available for 

work in any of the following fields: 

anthropology (with a natural-history 
orientation), botany and geology (in- 

cluding paleontology), and zoology. An 

applicant should briefly describe the 

proposed study, state how long he 

would like to study at the museum 

and the amount of money needed, and 

name one reference. (Chairman, Karl 

P. Schmidt Fund, c/o Chicago Natural 

History Museum, Roosevelt Rd. and 

Lake Shore Dr., Chicago 5) 

The National Science Foundation is 

accepting applications for fellowships 

under its postdoctoral fellowship pro- 

gram through 5 September. The awards 

consist of a stipend of $5000 per year, 
dependency allowances, and limited 

travel allowances. Eligibility require- 

ments include U.S. citizenship, special 
aptitude for advanced training, and a 

doctoral degree or its equivalent in edu- 
cation and experience. Fellows will be 

selected on the basis of ability as evi- 

denced by letters of recommendation 
and other evidence of scientific attain- 

ment. (Fellowship Office, National 

Academy of Sciences—National Re- 

search Council, 2101 Constitution Ave., 

NW, Washington 25, D.C.) 
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Meeting Notes 

An international symposium on 
aerospace nuclear propulsion, spon- 

sored jointly by the Atomic Energy 

Commission, the Institute of Radio 

Engineers’ Professional Group on Nu- 

clear Science, and the National Aero- 

nautics and Space Administration, will 

be held 24-26 October. Tentative 

topics include advanced propulsion sys- 

tems, engine characteristics and dyna- 

mics, recent advances in nucleonic in- 

strumentation, engine simulation and 

control, effects of nuclear radiation on 

controls and instruments, and non- 

nuclear and nuclear instrumentation for 

aerospace - propulsion. Rough drafts 

and 500-word abstracts of papers to 

be presented should be submitted by 

I July. (P. M. Uthe, Lawrence Radia- 

tion Laboratory, Livermore, Calif.) 

A workshop on dynamic program- 

ming, sponsored by the Nonlinear Con- 

trol Subcommittee of the American In- 

stitute of Electrical Engineers, will be 

held at the University of Colorado on 

27 June. The basic theory of dynamic 

programming will be presented in addi- 

tion to its present applications, sample 

problems, and directions of new study. 

(Richard Kuba, Power Equipment Co., 
P.O. Box 3556, Beechwold Station, 

Columbus 14, Ohio) 

Scientists in the News 

Irving Klotz, biochemist at North- 

western University, has won the Amer- 

ican Chemical Society’s Eli Lilly 
award for his studies of- proteins. 

Alan Johnson, assistant professor in 

the department of medicine at New 

York University Medical Center, has 

been appointed director of a new re- 

search laboratory to be established at 

Bellevue Hospital by the American 

Naional Red Cross. Johnson will 
supel-ise investigation on the dissolu- 

ton ©l blood clots similar to those 
responsibh. for coronary thrombosis, 
phlebitis, am ctrokes. 

John F. Flagg, manager of the ma- 
terials engineering ‘aboratory, General 
Electric Company, Screnectady, N.Y., 
has been appointed direvor of research 
for American Cyanamia Company’s 
Central Research Division. Prior to 
joining GE in 1946, Flagg was assistant 
professor of chemistry at the Univer- 
sity of Rochester. 

* JUNE 1961 

Richard L. Dobson, assistant profes- 

sor and head of the dermatology divi- 

sion at North Carolina School of 

Medicine, has been appointed associate 

professor of dermatology at the Uni- 

versity of Oregon Medical School. 

Also appointed to a new position at 

the school was Robert E. Swanson, 

assistant professor of physiology at the 

University of Minnesota Medical 

School, who will become associate pro- 

fessor of physiology. 

E. B. Brown, Jr., professor of phys- 

iology at the University of Minnesota, 

will become professor and head of the 

department of physiology at the Uni- 

versity of Kansas Medical School on 

1 July. 

Jackson W. Foster, professor of mi- 

crobiology at the University of Texas, 

has been named by the U.S. Office of 

Naval Research to undertake a special 

study of the status of microbiological 

science in Europe and the Middle East. 

He will be assigned to the U.S. Em- 

bassy in London as scientific officer 

for approximately 1 year, beginning 1 

September. 

George H. Morrison, head of in- 

organic and analytical chemistry at 

General Telephone & Electronics Lab- 

oratories, Bayside, N.Y., has been ap- 

pointed professor of chemistry at Cor- 

nell University, effective in July. He 
will also head the analytical program 

of the university’s Materials Science 

Center. 

James A. Halsted, who formerly 

held the posts of assistant to the vice 

president, associate professor of medi- 

cine, and director of postgraduate 

medical education at the University 

of Kentucky Medical Center, has 

been appointed chief of the department 

of medicine at the Metropolitan Hospi- 

tal and Clinics, Detroit, Mich. 

William M. Brown, associate profes- 

sor of electrical engineering at the 

University of Michigan, has been ap- 

pointed head of the radar laboratory 
at the university’s Institute of Science 

and Technology. He succeeds L. J. 
Cutrona, who resigned in order to 

devote more time to teaching. 

William E. Koch, Jr., professor of 

clinical radiodontics at the Washing- 

ton University School of Dentistry, has 

been appointed professor of oral diag- 

nosis and radiology at the university. 

Theodore Lidz, professor of psychia- 

try at Yale University School of Medi- 

cine, is the first recipient of the Frieda 

Fromm-Reichman award for research 

in schizophrenia, presented 6 May at 

the Chicago meeting of the American 

Academy of Psychoanalysis. 

James M. Ham, professor of elec- 

trical engineering at the University of 

Toronto, is currently visiting the 

U.S.S.R. Academy of Sciences under 

the official exchange agreement be- 

tween the academy and the National 

Research Council of Canada. 

Harry S. Gear, director of pneumo- 

coniosis research for the Council for 

Scientific and Industrial Research—In- 

dustrial Medicine in Johannesburg, 

South Africa, will become secretary 

general of the World Medical Associa- 

tion on 1 July. 

Recent Deaths 

Harry A. Bright, 71; metallurgist; 

was chief of the National Bureau of 

Standards’ analytical chemistry section 

from 1936 to 1960; 22 May. 

Lindsay P. Disney, 65; tides expert 

and assistant chief of the U.S. Coast 

and Geodetic Survey’s marine data di- 

vision; 23 May. 

Manfred Engel, 31; radiation bacte- 

riologist in Oak Ridge National Labora- 

tory’s Biology Division since 1958; 1 

May. 

George I. Finlay, 85; professor 

emeritus of geology at New York 

University; 5 May. 

Arnold L. Gesell, 80; child psychol- 

ogist and former research consultant 

for the Gesell Institute of Child De- 

velopment; previously professor of 

child hygiene at Yale University School 

of Medicine; 29 May. 

Ivor Griffith, 70; president of the 

Philadelphia College of Pharmacy and 

Science since 1941; 16 May. 

E. Lee Kinsey, 57; professor of 

physics and former chairman of the 

department at the University of Cali- 

fornia, Los Angeles; 27 May. 

Cleon Nafe, 69; surgeon and associ- 

ate professor of surgery at Indiana 

University Medical School; 29 Apr. 

Harry P. Newton, 65; chemist at 

the U.S. Department of Agriculture 

from 1927 until his retirement in 1956; 
21 May. 

Louis M. Orr, 61; urologist and 

president of the American Medical As- 

sociation in 1959-60; 22 May. 
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Pul Eliya, A Village in Ceylon: A Study 

of Land Tenure and Kinship. E. R. 

Leach. Cambridge University Press, 

New York, 1961. 360 pp. Illus. $8. 

Pul Eliya is a Sinhalese village with 

146 inhabitants in the dry zone of 

North Central Province, Ceylon. With 

a wealth of concrete, illustrative ma- 

terial, Leach analyzes and describes the 

physical structure of the village, -its 

family and kinship organization, its 

land tenure system (both traditional 

and nontraditional), and its organiza- 

tion of labor. Besides making an im- 

portant contribution to the anthropol- 

ogy of Ceylon, he has produced a book 

notable for other reasons. 

Some critics of anthropology object 

to intensive studies of little commun- 

ities such as Pul Eliya, for they con- 

sider the studies devoid of practical 

value. Why try to learn all that detail 

about an obscure village? What we 

need are broad surveys which enable 

us to get the “big picture.” There is a 

place, of course, for surveys. They de- 

termine the extent to which it is safe 

to generalize conclusions from studies 

like this one, and they provide a check 
on interpretations of functional rela- 

tionships in the single case. Work in 

other Sinhalese villages will undoubted- 

ly require some modification of Leach’s 

understanding of what he observed in 

Pul Eliya. But no survey is worth any- 

thing unless intensive studies have been 

made first. In spite of all their trappings 

of quantitative rigor, surveys give pre- 
cise answers only to the questions 

which investigators know to ask. With- 

out the intensive studies to tell them 

what to ask, the information obtained 

from surveys has little to do with 

reality, no matter how carefully such 
information is collected. Thus Leach 

finds that most land legislation in Cey- 

lon has been based on entirely errone- 
ous conceptions of how the tenure sys- 

tems in the villages actually work, mis- 
conceptions which previous surveys in 
no way dispelled. His explication of 

how land tenure works in Pul Eliya, 
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in practice as well as in theory, and 

his account of the effects of misin- 

formed government legislation effec- 

tively demonstrate the practical as well 

as the scientific value of intensive 

studies of single communities. Pul Eliya 

should be on the required reading list 

of all legislators and administrators 

who are concerned with the welfare of 

peasant communities. 

Challenge to Radcliffe-Brown School 

Of special interest to anthropologists 
is the challenge Leach offers to his fel- 

low social anthropologists of the British 

or Radcliffe-Brown school. In Pul Eliya 

Leach found it impossible to work 

within their theoretical frame regard- 

ing corporate groups. He concludes 

that a social structure, in the prevail- 

ing social-anthropological sense of that 

term, “must necessarily be credited 

with the attributes of Deity. The 

anthropologist with his wealth of de- 

tailed knowledge of the behavioural 

facts claims an intuitive understanding 

of the jural system which holds these 
behaviours in control. When he writes 

his structural analysis, it is this pri- 

vate intuition which he describes rather 

than the empirical facts of the case. 

The logical procedures involved are 

precisely those of a theologian who 

purports to be able to delineate the 

attributes of God by resorting to the 

argument from design. 

“Of course, it is all very elegant, 

but it is not a demonstration; the struc- 

turalist anthropologist, like the theo- 

logian, will only persuade those who 

already wish to believe” (pages 301-2). 

Insofar as the structure of a com- 

munity is an abstraction from the 

modalities of event and arrangement 

which characterize it as a relatively 

stable system, and insofar as this ab- 

straction is then treated as a system of 

rules governing the conduct of its mem- 
bers, Leach is entirely right. That one 

of Britain’s leading social anthropol- 

ogists has come to this position is of 

great importance for the future of so- 

cial anthropology. 

But Leach’s conclusion—‘“the group 

itself need have no rules; it may be 
simply a collection of individuals who 

derive their livelihood from a piece of 

territory laid out in a particular way” 

(page 300)—is one which he has not 

demonstrated, even for Pul Eliya, unless 

we assume that “rules” can refer only 

to the kind of abstraction which Leach 

rightly argues cannot be treated as if 

it were a rule of the society. But the 

recurring patterns of arrangements in 

a community from which rules are 

improperly abstracted, in the manner 

Leach deplores, may legitimately be 

Viewed as the products of human de- 

cisions which are themselves made 

with reference to the mutual under- 

standings that make events, both com- 

mon and rare, intelligible to their par- 

ticipants. Leach has rightly thrown out 

the rules of the sociological structural- 

ist, but if, as he says, “society is not a 

‘thing’”’ but “a way of ordering ex- 

perience” (pages 304—5), then implicit 

in that ordering are principles or rules 

analogous to the phonological, morpho- 

logical, and syntactic principles char- 

acterizing a language and _ without 

which speech could not be an orderly 

process. Although rules in this sense 

are also formulations of the anthro- 

pologist, their validity for the society 

for which they are specifically formu- 

lated can be tested against actual events 

in that society. Efforts to develop more 

sophisticated inductive procedures for 

formulating such rules are a legitimate 
and essential scientific endeavor. 

Leach has taken a major step in 

developing his own theoretical orien- 
tation. It will have wide repercussions 

among those who call themselves, by 

preference, “social” anthropologists. 

Warp H. GooDENOUGH 

Department of Anthropology, 

University of Pennsylvania 

World Prehistory. An outline. Grab«me 

Clark. Cambridge University “ress, 

Press, New York, 1961. xv -' 284 pp- 

Illus. Paper, $2.45; cloth °6- 

In this volume @ahame Clark, 

one of the leading specialists in the 

prehistory of Eur@e and Disney pro- 

fessor of archaenogy at the University 

of Cambridge, 1as undertaken a formid- 

able task art has carried it off quite 

well. His aim is “to present a brief 

outline of man’s prehistoric past, .. . 

to survey in barest outline the history 

of “ankind from the first dawn of 
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culture down to the time when suc- 
cessive societies attained literacy.” 

This is an ambitious design that 

quite naturally, in a work of 284 pages, 

calls for a great deal of compression. 

Although Clark bases his discussion 

almost entirely on concrete but frag- 
mentary evidence, he found it imprac- 

ticable to incorporate or even sum- 

marize the nature of the evidence itself. 

What he has done is to present a 

reasonably coherent picture of human 

cultural history from the earliest ap- 

pearance of man as a _tool-making 

animal to the emergence of adequately 

written history in different parts of the 

world at different times. 

In a disarming paragraph Clark 

signals his awareness that “the varying 

intensity of archaeological research in 

different parts of the world, the 

author’s unequal reading, and the in- 

sistent progress of knowledge, which 

modifies conclusions almost before they 

can be set down, all help to distort the 

picture.” 

Paradoxically, although the author 

specifically eschews an attempt at arti- 

ficial evenness of treatment, the actual 

structure of the book, by virtue of its 

relatively even chapter lengths, super- 

ficially approximates just that, and re- 

sults in a certain lack of balance. 

The first chapter, entitled ‘“Man’s 

place in nature,” is fairly evenly divided 

between physical environment and 

biological evolution. The next two 

chapters, which span 50 pages, discuss 

Lower Paleolithic cultures and _ their 

survivals, on the one hand, and ad- 

vanced Paleolithic and Mesolithic cul- 
tures on the other. Here Clark is deal- 
ing with his own specialities and is at 

his best. “The invention of farming 

and the rise of Mesopotamian civiliza- 

tion” occupies 23 pages, and “Ancient 

Egypt and the later prehistory of 
Africa” only 20 pages. By contrast, 

“Neolithic peasants and arctic hunter 
fishers” in Europe runs to 28 pages, 
and “From Mycenae to the age of 

expansion” runs to 33 pages. Since 

both of these chapters are subdivisions 

of a broader topic, the foundations of 

European civilization, this dispropor- 

tionate bias is understandable, particu- 

larly since our archeological evidence 

for much of Continental Europe and 

the Mediterranean is fairly complete 
and therefore quite confusing. 

On the other hand, to treat India 

and the Far East, including China, 

Southeast Asia, Indonesia, and the 

Philippines, as well as Japan and 

Northeast Asia, in 32 pages, the New 
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World, encompassing North America, 

Mesoamerica, and South America, in 

28 pages, and Australia and the Pacific 

in 11 pages is likely to cause the pro- 

fessionals who specialize in those areas 

to gasp. 

It is obvious that Clark could do 
no more than present his own inter- 

pretations and that only occasionally 

could he outline some area of disagree- 

ment, and it is also obvious that he 

had to omit much relevant material. 

This, then, is the kind of book about 

which the expert can and does say, 

“This is excellent, stimulating and 

informative, but for my area... .” 

It is not a book to read at one sit- 

ting, for the compression of material 

has resulted in a density of style. Each 

chapter must serve as a point of de- 

parture for further reading or lectures 

to fill in the gaps, repair omissions, 

and assess conflicting interpretations. 

But as an introductory text that leads 

the reader into unfamiliar territory this 

book deserves a place on the reference 

shelf of the professional archeologist, 

the serious student, and the interested 

layman. 

ROBERT W. EHRICH 

Department of Sociology and 

Anthropology, Brooklyn College 

Science Since Babylon. Derek J. de 

Solla Price. Yale University Press, 

New Haven, Conn., 1961. 149 pp. 

$4.50. 

The author delivered five of the six 

chapters of this book as public lectures 

in a prolegomenon to a program in the 

history of science and medicine at. Yale. 

He wisely concentrated attention on 

certain “crises,” in the study of which 

he has himself made valuable and im- 

portant discoveries or suggestions. His 

enthusiasm is infectious and will con- 

vey in print, as it must surely have 

done by the spoken word, the variety 

of opportunities that await the scholar 

in this, the newest field of historiog- 

raphy. 

Price tells of the complements of 

Greek geometrical model and Baby- 

lonian computation in Ptolemy’s A/ma- 

gest. The comparisons of clockwork 

between China and the West is a well- 

told detective story, containing clues 

for a fuller tale of cultural relations. 

A chapter on the technological back- 

ground of American science takes a 

more generous view than has been 

fashionable of our national heritage in 

this field. An essay on discovery in 
radiation grapples with the problem of 

what to do with recent history in sci- 
ence. There is a most suggestive study 

of the quantitative growth of science. 

The book closes with an appeal for in- 
stitutionalization of what the author 

calls “humanities of science,” of which 

the reader is to take the five substantive 

chapters as samples. I find this sum- 

mons a little apocalyptic and would 

prefer to refuse the choice of all or 

nothing. And perhaps one need not 

make it in order to enjoy and profit 

from the excellent observations and 

curious facts that abound in a brief, 

delightful, and intriguing book. 

CHARLES COULSTON GILLISPIE 

Department of History, 

Princeton University 

Anatomy of Monocotyledons. vol. 1, 

Gramineae. Charies Russell Metcalfe. 

Oxford University Press, New York, 

1960. Ixi + 731 pp. Illus. $13.45. 

A more appropriate title for this ex- 

cellent reference work would have been 

“Leaf Anatomy of the Gramineae.” 

Leaf anatomy is emphasized because 

“in the vegetative organs of the Gra- 

mineae the most important characters 

are to be found in the leaf.” The vol- 

ume is the culmination of over 10 

years of research by Metcalfe, and it 

records the data for 206 genera and 

413 species examined. In addition, the 

literature has been summarized and 

blended with the author’s results, so 

that 345 genera have been treated. 

There are chapters on the general 

morphology of the grass plant, on the 

diagnostic microscopical characters, 

and on the leaf structure and taxonomy 

of grasses, but the major part of the 

book records the details of leaf anat- 

omy. The genera are arranged alpha- 

betically under each of two divisions: 

the genera not in the Bambuseae and 

genera in the Bambuséae. The diag- 

nostic characters of each genus are 

followed by the detailed anatomy of 

selected species. This usually includes 

only the abaxial epidermis of the leaf 

and a transverse section of the lamina, 

but sometimes the anatomy of the culm 

and other parts are given. The source 

of the material examined is indicated 

for each species. Sometimes it is from 

plants cultivated at Kew and some- 

times from a specific herbarium speci- 

men. Additional information from the 

literature is considered separately. 
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Special features of the book include 
lists of genera and species in which 

certain diagnostic characters occur (40 

pages), an extensive bibliography (20 

pages), and 29 plates of fine drawings 

which illustrate the anatomical char- 

acters. 
There is little said of phylogeny for 

“We .. . recognize that the grasses 

appear to represent an advanced group 
of monocotyledons, but . . . we can 

say little or nothing about lines of phy- 
logenetic advance within the family.” 

“It seems as if it will be more profit- 
able, at this stage, to concentrate on 

discovering natural taxonomic groups 

rather than to speculate concerning the 

phylogeny of the grass genera as we 

know them today.” 

The book is indispensable to agros- 

tologists whose research interests are 

in taxonomy or related fields. 

JASON R. SWALLEN 

Department of Botany, 

U.S. National Museum, 

Smithsonian Institution 

Humid Tropics Research. Problems of 

Humid Tropical Regions. 102 pp. 

Illus. $3. Study of Tropical Vegeta- 

tion. Proceedings of the Kandy Sym- 
posium, jointly organized by the Gov- 

ernment of Ceylon and UNESCO. 

266 pp. $6. UNESCO, Paris, 1958. 

These bilingual volumes, published 

by UNESCO on the occasion of the 

preparatory meeting of the International 

Advisory Commission on Humid Trop- 

ics Research, are the first publications 

of the Humid Tropics Research Pro- 

gram. F. R. Fosberg (U.S. Geological 

Survey) attended this meeting and is 

now the member for the United States. 

Problems of Humid Tropical Re- 

gions is a collection of six reports 

commissioned at the eighth session of 
UNESCO as the first part of a pro- 

gram “to promote the co-ordination of 

research on scientific problems relating 
inter alia to the humid tropical zone 
and to promote international or re- 

gional measures to expand such re- 

search.” 

There are three general reports. One 

by Felisberto C. Camargo (Servico 

Nacional de Pesquisas Agronomicas, 

Rio de Janeiro) deals especially with 

his siltation techniques that increase the 
amount of flood-plain lands. These 

flood plains are of high agricultural 

value, in contrast to the relatively 
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sterile “high ground.” A second paper 

is by Enrique Beltran (Instituto Mexi- 

cano de Recursos Naturales Renovables, 

Mexico) and is concerned with the 

Caribbean region. Beltran’s report sur- 

veys the natural resources of the lands 

about the Caribbean Sea and includes a 

297-title bibliography. In the third 

paper, E. K. Janaki Ammal (Central 

Botanical Laboratory, Botanical Survey 

of India) reports on Burma, Ceylon, 

India, and Pakistan. 

There are three special reports. One, 

by G. Marlier (then of the Institut pour 

la recherche scientifique en Afrique 

centrale in the former Belgian Congo) 

is on biological problems of tropical 

humid Africa. A second, by A. P. 

Kapur (Zoological Survey of India, 

Calcutta), is on entomological prob- 

lems in South Asia, with separate dis- 
cussions on major crop plants, forests, 

stored products, and human health, and 

with a 376-title bibliography. The third 

is on the Philippines and the state of 

its water resources development, with 

considerable discussion of the inter- 

locking problems of agriculture, fish- 

eries, soil erosion, and forestry. 

Both the general and the special re- 

ports in this volume are valuable con- 

tributions to regional geography, with 

varied emphasis on special problems. 

For those interested in world vegeta- 

tion, Study of Tropical Vegetation takes 

its place on the same shelf with Riibel’s 
Pflanzengesellschaften der Erde and 

Richard’s Tropical Rain Forest. Study 

of Tropical Vegetation is based on the 

Kandy Symposium, which was spon- 

sored jointly by Ceylon and UNESCO, 

and is comprised of 26 papers; each 

paper is a summary and evaluation of 

existing vegetation knowledge, includes 

a valuable bibliography, and points to 

the needs for further research. The 

following areas are covered: India and 

Burma (Puri); Indonesia (Dilmy and 

Kostermans); Ceylon (de Rosayro); 

Malaya (Wyatt-Smith); British Guiana 

and Nigeria (Richards); the Philippines 

(Bedard); the islands of Oceania (Fos- 

berg); eastern India (Chatterjee); Malay- 
sia (van Steenis); Madhya Pradesh and 

the Gangetic Valley of India (Misra); 

Singapore (Purseglove); India (Bharu- 

cha); Ceylon (MacFadden, who empha- 

sizes aerial techniques); Ceylon (Holmes, 

who stresses the role of the old civiliza- 

tion in determining the present dry ever- 

green forest); Ivory Coast (Mangenot); 

Papua and Northwest New Guinea 

(Taylor and Stewart, who apply the 

excellent techniques developed by the 

- 

commonwealth Scientific and Industrial 

Research Organization of Australia for 

regional resources’ surveys); India 

(Janaki Ammal); Pakistan (Hedayetul- 

lah); Borneo (Kostermans); Sarawak 

(Browne); British North Borneo (Wood); - 

Australia (Webb); Ceylon grasslands 

(Senaratna); Viét-Nam (Schmid); and 

Sarawak and Brunei (Anderson). Basic 

principles of rain forest sociology are 
discussed by van Steenis. 

There follows a series of five special 

papers and discussions—ecological fac- 

tors (Mangenot); vegetation types 

(Bharucha); the climax (Richards); 

reproduction in forest openings (van 

Steenis); and mapping (Fosberg). The 

volume includes generalized vegetation 

maps for Ceylon, the Ivory Coast, 

Pakistan, India, and Burma. It closes 

with 14 recommendations concerning 

national and international activities in 
this field. 

Study of Tropical Vegetation is a 

milestone towards the coordination of 

vegetation 'thought and research on an 
international plane, even though it 

shows the urgent need for further co- 
ordination and for the eventual develop- 
ment of a mature international science. 
The nonpartisan reader will be im- 

pressed with the very considerable 

attention given in the papers and re- 

corded discussions to the relative merits 

of “Clementsianism” (probably de- 

rived from the Weaver and Clements 

text, now rarely used in America) and 

the SIGMA (Station Internationale 

de Géobotanique Méditerranéene et 
Alpine) school (which originated in 

southern France), with the former 

developing into hearty subarguments on 

the pros and cons of monoclimax and 

polyclimax theory. One senses that 

these workers are groping for a school, 

a philosophy, a methodology, and that 

all they have to choose from are the 

American and West European tradi- 

tions, both of which have their limita- 
tions in the tropics. (But no less so 
than in temperate regions!) I some- 

times wonder—I strongly suspect—that 
the odd theories and philosophies of 
these two schools are actually uncon- 

sidered by these workers. What appeals 

in the SIGMA school is the small- 
scale quadrat method (which, after all, 

is not its unique feature) and what 
appeals in Clementsian thought are the 

large regional units (which, again, are 

not unique to that group). And the 
two approaches are by no means in- 

compatible. Rather, on these grounds, 

they are complementary. While read- 
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ing this volume, I often wished there 

was less reverence and veneration for 

what the West has contributed in the 

way of rigid schools of thought, and 
greater respect, by these workers, for 

their own individual abilities. These 

abilities might well be directed towards 

an international non-school-astic sci- 

ence, revolving around empirical de- 

scriptions, relative change, relative sta- 

bility, and the influences of past civili- 

zations and primitive man. In turn, 

Western thought in this field could not 

help but benefit. 

FRANK E. EGLER 

Norfolk, Connecticut 

| 

Oceanography. Invited lectures pre- 

sented at the International Oceano- 

graphic Congress. AAAS  Publica- 

tion No. 67. Mary Sears, Ed. Amer- 

ican Association for the |Advance- 

ment of Science, Washington, D.C.; 

1961. xi + 654 pp. Illus. Cash price 

to members, $12.50; others, $14.75. 

Nearly 1200 marine scientists from 

two thirds of the nations of the world 

met for 2 weeks (31 August to 12 

September 1959) in the United Nations 

Building in New York. A selected few 

of these scientists presented the essence 

of their life’s work to this learned 

audience in invited lectures. For each 

topic, part of the audience was com- 

petent and critical and the remainder 

was academically interested but not 

familiar with the detail or the back- 

ground. The committee is to be con- 

gratulated on their selection of speakers. 

To a man, they proved themselves 

scholars, masters of their subjects, and 

excellent raconteurs. All this is re- 

flected in the book. 

Oceanography includes sections on 

the history of the oceans, populations 

of the sea, the deep sea, boundaries 

of the sea, and cycles of organic and 

inorganic substances in the oceans. 

Each section contains four to seven 

articles, each dealing with some aspect 

of physics, chemistry, or biology or 

their interrelations in the sea, the sea 

bottom, or the sea surface. 

I am struck by the similarity of 

organization achieved ~ between _ this 
volume and the Discourses of Machia- 

velli. In both, the authors explore 

factual situations, separate the local 

and fortuitous from the rules of gen- 

eral behavior, and point out successful 

and unsuccessful techniques. From 
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this background they define their goals 
and the possible approaches. 

The book is a “sampler.” It gives 

examples of successful marine research 

involving all academic disciplines. I 

doubt if even an avowed oceanographer 

will find every article to be of personal 

interest. On the other hand, any scien- 

tist, marine or otherwise, and in any 

field, will find one or more of the 

papers absorbing. 

It is an outstanding reference book, 

at both the research and student levels. 

Each article includes the background, 

observation, reasoning, and conclusions 

to date on the topic. For the researcher 

the articles provide a most useful sum- 

mary and a ready entry into the sup- 

porting scientific literature. Also, the 

discussions .are mercifully condensed, 

clear, logical and readable. Much of 

the material can and should be used by 

university undergraduates, and even by 

high school students, as bases for term 

theses. In any case, the book should 

be required reading in science courses 

at the senior undergraduate level. 

Familiarity with living science, and 

with the research methods of the 

masters, is a part of education. 

It is a book for the young scientist. 

I know of no other volume that so well 

defines oceanography, its purpose, op- 

portunities, and requirements. Revelle, 

in his introduction, makes the point 

that oceanography is a field of research 

in which all disciplines of learning are 

combined. The volume demonstrates 

this by examples. It is evident that 

there is ample challenge in marine re- 

search for any good scientist. 

JOHN P. TULLY 

Pacific Oceanographic Group, 

Fisheries Research Board of 

Canada, Nanaimo, B.C., Canada 

New Books 

Biological and Medical Sciences 

Advances in Carbohydrate Chemistry. 

vol. 15. Melville L. Wolfrom, Ed. Aca- 
demic Press, New York, 1960. 457 pp. 

Illus. $14. 
Anatomy and Physiology. Diana Clif- 

ford Kimber, Carolyn E. Gray, and Caro- 

line E. Stackpole. Lutie C. Leavell, Ed. 

Macmillan, New York, ed. 14, 1961. 789 

pp. Illus. 

Anthropology and Nutrition. vol. 2, 

Records of the American-Australian Sci- 

entific Expedition to Arnhem _ Land. 

Charles P. Mountford, Ed. Melbourne 

Univ. Press, Melbourne, Australia; Cam- 

bridge Univ. Press, New York, 1960. 527 

pp. Illus. $19.50. 

A Bibliography of Eastern Asiatic Bot- 

any. Supplement 1, Egbert H. Walker. 
American Inst. of Biological Sciences, 
Washington 6, 1960. 612 pp. Individuals 
and industrial libraries, $18.50; AIBS 

members, $16.50. Covers the years 1937 
to 1958. Subjects and area covered remain 

essentially the same as in the original 
work; Chinese botanical literature is least 

well covered. Indexes include subject (gen- 

eral and regional) and systematic. 
The Biochemistry of Insects. Darcy Gil- 

mour. Academic Press, New York, 1961. 

355 pp. Illus. $8. 
Concepts of Medicine. A colfection of 

essays on aspects of medicine. Brandon 

Lush, Ed. Pergamon, New York, 1961. 

296 pp. $8.50. Essays (26) reprinted from 
various sources. 

Encylopaedia Zoologica, Illustrated in 

Colours. pt. 3. Y. K. Okada et al. Hoku- 

ryukan Co., Tokyo, Japan, 1960. 266 pp. 

Illus. $16. 
The Evolution of Man. A brief intro- 

duction to physical anthropology. Gabriel 

Ward Lasker. Holt, Rinehart and Winston, 

New York, 1961. 255 pp. Illus. $3.50. 
Existential Psychology. Rollo May, Ed. 

Random House, New York, 1961. 126 pp. 

Paper, $0.95. The papers, with the excep- 
tion of certain parts added to the first 

chapter, were presented in a symposium 

at the annual convention of the American 

Psychological Association, 1959. Papers 

by Rollo May, G. Allport, H. Feifel, A. 

Maslow, and C. Rogers. 

Experimental Ecology of the Feeding 

of Fishes. V. S. Iviev. Translated from the 

Russian by Douglas Scott. Yale Univ. 

Press, New Haven, Conn., 1961. 310 pp. 

Illus. 

Fundamentals of Radiobiology, Z. M. 

Bacq and Peter Alexander. Pergamon, 

New York, ed. 2, 1961. 567 pp. Illus. $12. 
Germ Plasm Resources. Publ. 66. Ralph 

E. Hodgson, Ed. AAAS, Washington, 

D.C., 1961. 393 pp. $9.75; members’ cash 

price, $8.50. A symposium presented at 

the AAAS Chicago meeting, December 

1959. 
Grundriss der Allgemeinen Zoologie. 

Alfred Kuhn. Thieme, Stuttgart, Ger- 

many, 1961. 308 pp. Illus. DM. 18.80. 
Indian Tobacco. Indian Central Tobacco 

Committee, Madras, 1960. 439 pp. $10. 

Indian Woods. Their identification, 

properties, and uses. vol. 1, Dilleniaceae 

to Elaeocarpaceae. K. A. Chowdhury and 
S. S. Ghosh. Forest Research Inst., Dehra 

Dun, India, 1958. 304 pp. + 30 plates. 
Illus. Rs. 25.50. The first of a planned 

six-volume series which aims to give all 

up-to-date information on species repre- 

sented in the collection of the institute. 

Each volume will cover 250 to 300 

species. 
The Manipulation of Human Behavior. 

Albert D. Biderman and Herbert Zimmer, 
Eds. Wiley, New York, 1961. 335 pp. 
Illus. $7.95. Seven original papers pre- 

pared for this study by R. R. Blake, R. C. 
Davis, L. A. Gottschalk, L. E. Hinkle, Jr., 

P. E. Kubzansky, M. L. Meltzer, J. S. 

Mouton, and M T. Orne. 
Morphology of the Angiosperms. Ar- 

thur J. Eames. McGraw-Hill, New York, 

1961. 531 pp. Illus. $13.50. 
One Patient at a Time. A medical cen- 
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ter at work. Milton L. Zisowitz. Random 

House, New York, 1961. 298 pp. $5. 
Plant Analysis and Fertilizer Problems. 

Publ. No. 8. Walter Reuther, Ed. Ameri- 

can Inst. of Biological Sciences, Washing- 

ton, D.C., 1961. 469 pp. Illus. $8. Pro- 
ceedings of a symposium held in August 

1959, sponsored by American Potash 

Institute. 

Progress in Medical Virology. vol. 3. 

E. Berger and J. L. Melnick, Eds. Hafner, 

New York, 1961. 96 pp. Illus. $20.75. 
Quantitative Methods in Pharmacology. 

H. De Jonge, Ed. North-Holland, Amster- 

dam; Interscience, New York, 1961. 411 

pp. Illus. $13.25. Proceedings of a sym- 
posium held in Leyden, 10-13 May 1960. 

Recent Advances in Human Nutrition. 

With special reference to clinical medi- 

cine. J. F. Brock. Little Brown, Boston, 

Mass., 1961. 466 pp. Illus. $11.50. 
Report of the Second Institute on Clini- 

cal Teaching. Helen Hofer Gee and 

Charles G. Child, III. American Assoc. of 

Medical Colleges, Evanston, IIll., 1961. 

223 pp. 

Specifications for Pesticides. Insecticides, 

rodenticides, molluscicides, hervicides, aux- 

iliary chemicals, spraying and dusting ap- 

paratus. World Health Organization, 

Geneva, ed. 2, 1961 (order from Colum- 

bia Univ. Press, New York). 523 pp. 

Illus. $10. 
Standard Methods of Clinical Chemis- 

try. vol. 3, American Assoc. of Clinical 

Chemists. David Seligson, Ed. Academic 

Press, New York, 1961. 240 pp. IIlus. 
$6.50. 

The Survey of Dentistry. Byron S. Hol- 
linshead, Director. American Council on 

Education, Washington, D.C., 1961. 637 

pp. Illus. $10. Final report of the Com- 
mission on the Survey of Dentistry in the 

United States. 
Theoretical and Practical Problems of 

Medicine and Biology in Experiments on 

Monkeys. I. A. Utkin, Ed. Translated from 

the Russian by Ruth Schachter. Pergamon, 

New York, 1960. 283 pp. Illus. $7.50. 
Tobacco. Experimental and clinical stu- 

dies. A comprehensive account of the 

world literature. P. S. Larson, B. H. Haag, 

and H. Silvette. Williams and Wilkins, 

Baltimore, Md., 1961. 944 pp. $20. 
Toward the Conquest of Beriberi. Rob- 

ert R. Williams. Harvard Univ. Press, 

Cambridge, Mass., 1961. 350 pp. IIlus. 

$7.50. 

Treatment of Silent Prostato-Vesiculism 

in General Practice. The reflex manifesta- 

tions and “the therapeutic test.” Elias R. 

Leikind and Harrison C. Harlin. Julian 
Press, New York, 1961. 314 pp. Illus. 

$9.50. 
World Review of Nutrition and Dietet- 

ics. vol. 2. Geoffrey H. Bourne, Ed. Haf- 
ner, New York, 1960. 255 pp. $9.50. 

Economics and the Social Sciences 

Bargaining and Group Decision Mak- 

ing. Experiments in bilateral monopoly. 

Sidney Siegel and Lawrence E. Fouraker. 
McGraw-Hill, New York, 1960. 142 pp. 

$4.90. 
General Systems. Yearbook of the So- 

ciety for General Systems Research. 
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vol. 5, 1960. Ludwig von Bertalanffy and 
Anatol Rapoport, Eds. Society for General 

Systems Research, 205 N. Forest Ave., 

Ann Arbor, Mich., 1961. 257 pp. Paper, 

$7.50. 
Impressions of European Psychiatry. 

Walter E. Barton et al. American Psychi- 

atric Assoc., Washington, D.C., 1961. 

141 pp. 

Output, Input, and Productivity Meas- 

urement. Studies in income and wealth. A 

report of the Natl. Bureau of Economic 

Research. Princeton Univ. Press, Prince- 

ton, N.J., 1961. 516 pp. $10. 
Retirement Villages. Ernest W. Burgess, 

Ed. Div. of Gerontology, Univ. of Michi- 
gan, Ann Arbor, 1961. 170 pp. Paper, 

$3.50. Papers, discussions ,and recommen- 

dations for research resulting from the 

conference sponsored by the American 

Society of the Aged. 
The Role of Speech in the Regulation 

of Normal and Abnormal Behaviour. 

A. R. Luria. J. Tizard, Ed. Pergamon, 

New York, 1961. 109 pp. $8.50. Three 

lectures given by Luria at University Col- 
lege, London, 1958. 

General 

Cybernetics Without Mathematics. Hen- 

ryk Greniewski. Translated by Olgierd 

Wojtasiewicz. Panstowowe Wydawnictwo 
Naukowe, Warsaw, Poland; Pergamon, 

New York, 1961. 201 pp. Illus. $6. 
Penguin Summer. An adventure with 

the birds of the Falkland Islands. Eleanor 

Rice Pettingill. Potter, New York, 1960. 

198 pp. Illus. $5. A description of the 
environment, the people, and the plant 

and animal life of the archipelago. 
Principles of Community Health. Jack 

Smolensky and Franklin B. Haar. Saund- 

ers, Philadelphia, Pa., 1961. 359 pp. 

Illus. $6. 
Religious Perspectives in American Cul- 

ture. James Ward Smith and A. Leland 

Jamison, Eds. Princeton Univ. Press, 

Princeton, N.J., 1961. 427 pp. $7.50. 

The Shaping of American Religion. 

James Ward Smith and A. Leland Jami- 

son, Eds. Princeton Univ. Press, Prince- 

ton, N.J., 1961. 514 pp. $8.50. 
The Transformation of Russian Society. 

Aspects of social change since 1861. Cyril 

E. Black, Ed. Harvard Univ. Press, Cam- 

bridge, Mass., 1960. $9.75. Approxi- 

mately 40 papers, prepared for an Arden 

House conference (1958) and revised fol- 

lowing the discussion that dealt with 

aspects of Russian social institutions, re-° 

lations, and values. Their purpose is to 

show the way in which the main char- 

acteristics of Russian society in the period 

1861 to 1917 have persisted unchanged, 
have been transformed, or have been 
superseded during the decades of com- 

munist rule. 

The Transformation of the School. Pro- 
gressivism in American education, 1876- 

1957. Lawrence A. Cremin. Knopf, New 

York, 1961. 425 pp. $5.50. 
The Use of Chemicals in Southern For- 

ests. Robert W. McDermid, Ed. Published 
for the School of Forestry by Louisiana 
State Univ. Press, Baton Rouge, 1961. 162 

pp. Illus. $4, 

Mathematics, Physical Sciences, 

and Engineering 

Advances in the Astronautical Sciences. 

vol. 6. Horace Jacobs and Eric Burgess, 

Eds. Macmillan, New York, 1961. 967 

pp. Illus. $25. Proceedings (57 papers) of 

the sixth annual meeting of the American 

Astronautical Society, January 1960. 

Boundary and Eigenvalues Problems in 

Mathematical Physics. Hans Sagen. Wiley, 

New York, 1961. 399 pp. $9.50. 
Computing Methods and the Phase 

Problem in X-ray Crystal Analysis. Ray 

Pepinsky, J. M. Robertson, and J. C. 
Speakman. Pergamon, New York, 1961. 

334 pp. Illus. $9. 
The Consulting Engineer. C. Maxwell 

Stanley. Wiley, New York, 1961. 266 pp. 

$5.95. 
Control of Nuclear Reactors and Power 

Plants. M. A. Schultz. McGraw-Hill, New 

York, ed. 2, 1961. 471 pp. Illus. $12.50. 

The Electron Microscope. The present 

state of the art. M. E. Haine. With a 
chapter on specimen techniques and ap- 
plications written in collaboration with 
V. E. Cosslett. Interscience, New York, 

1961. 298 pp. $9.25. 
Elements of Statistical Inference. Rob- 

ert M. Kozelka. Addison-Wesley, Read- 

ing, Mass., 1961. 160 pp. Illus. $5. 
Engineering Management. Struan A. 

Robertson. Philosophical Library, New 
York, ed. 2, 1961. 479 pp. Illus. $10. 

Error-Correcting Codes. W. Wesley 
Peterson. Massachusetts Inst. of Technol- 
ogy Press and Wiley, New York, 1961. 

295 pp. Illus. $7.75. 
Essentials of Mathematics. Russell V. 

Person. Wiley, New York, 1961. 656 pp. 

Illus. $7. 
Fatigue Testing and Analysis of Results. 

W. Weibull. Pergamon, New York, 1961. 
318 pp. Illus. $12. 
Frame Analysis. Arthur S. Hall and 

Ronald W. Woodhead. Wiley, New York, 

1961. 271 pp. Illus. $8.50. 
Modern Mathematics for the Engineer. 

Edwin F. Beckenbach, Ed. McGraw-Hill, 

New York, ed. 2, 1961. 476 pp. Illus. 

$9.50. 
Proceeding of the 1960 Annual Inter- 

national Conference on High Energy 

Physics at Rochester. E. C. G. Sudarshan, 

J. H. Tinlot, and A. C. Melissinos. Univ. 

of Rochester and Interscience, New York, 

1960. 915 pp. $13.50. 
Pyridine and Its Derivatives. pt. 2. 

Erwin Klingsberg, Ed. Interscience, New 

York, 1961. 586 pp. $37.50 (by subscrip- 

tion, $32.50). Volume 14 in the “Chem- 
istry of Heterocyclic Compounds” series. 

Radio Waves in the Ionosphere. The 

mathematical theory of the reflection of 
radio waves from stratified ionized layers. 
K. G. Budden. Cambridge Univ. Press, 
New York, 1961. 566 pp. Illus. $18.50. 

A Textbook of Chemistry. Stella Goo- 

stray and J. Rae Schwenck. Macmillan, 
New York, ed. 8, 1961. 515 pp. Illus. 

$6.95. 
Thermodynamics. Gilbert Newton Lewis 

and Merle Randall. Revised by Kenneth 
S. Pitzer and Leo Brewer. McGraw-Hill, 
New York, ed. 2, 1961. 735 pp. $12.50. 
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Formation of Diamond by 

Explosive Shock 

Abstract. Samples of graphite have been 

recovered after exposure to explosive 

shocks of 300,000-atm estimated intensity. 

X-ray and electron-diffraction examina- 

tions prove the existence of diamond in 

this material. The mechanism proposed 
for the formation of diamond under these 
conditions is simple compression in the 
c-axis direction of the rhombohedral form 
of graphite. 

In the course of a program to study 

the effects of explosive shocks on var- 
ious minerals (J), samples of spectro- 

scopically pure artificial graphite were 

exposed to shock pressures estimated 

at 300,000 atm for 1 usec (2). The re- 

covered fragments, which microscopi- 

cally resembled the original material, 

were rather brittle and did not possess 

the greasy feel of normal graphite when 

ground in a mortar. When a piece of 

this material was rubbed between a 

polished sapphire and a glass slide, fine 

scratches appeared on both the glass 

and the sapphire. X-ray diffraction pat- 

terns of the shocked graphite and of 

control specimens were -made with 

filtered iron radiation in a Phillips 
camera 114-mm in diameter. The pat- 

tern of shocked graphite showed. three 

additional lines, weak and _ slightly 

broadened, which could be indexed as 

the (111), (220), and (311) diamond 

reflections. These are the only possible 

reflections from diamond with filtered 
iron radiation. The line positions coin- 

Instructions for preparing reports. Begin the re- 
port with an abstract of from 45 to 55 words. The 
abstract should not repeat phrases employed in 
the title. It should work with the title to give the 
reader a summary of the results presented in the 
report proper. 
Type manuscripts double-spaced and submit one 

ribbon copy and one carbon copy. 
Limit the report proper to the equivalent of 

1200 words. This space includes that occupied by 
illustrative material as well as by the references 
and notes. 

Limit illustrative material to one 2-column fig- 
ure (that is, a figure whose width equals two col- 
umns of text) or to one 2-column table or to two 
l-column illusttations, which may consist of two 
figures or two tables or one of each. 

For further details see “Suggestions to contrib- 
utors” [Science 125, 16 (1957)]. 
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cided with a standard pattern of dia- 

mond powder made in the same 

camera, and the lattice spacing agreed 

with that reported by Swanson and 

Fuyat (3). 

Some of this shocked graphite (4) 
was ground in a glass mortar to —325 

mesh and centrifuged in bromoform, 

density 2.87 g/cm’*. Since the respective 
crystal densities of graphite and dia- 

mond are 2.25 and 3.5, only particles 

containing at least 50 percent diamond 

by volume could settle. X-ray-diffrac- 

tion, electron-diffraction, and micro- 

scopic examinations were made of the 

dense fraction. With filtered copper 
radiation all the permissible diamond 

lines were observed. However, the lines 

were so broadened that the K-alpha 

doublet could not be resolved even for 

the (331) reflection. Transmission elec- 

tron-diffraction patterns of individual 

particles were made with a Hitachi 

model HU-10 apparatus. One of these 

particles, about 1 »* in volume, gave a 

pattern of partial-diffraction rings which 

corresponded to the first ten diamond 

reflections. Microscopic examination 

showed the particles to be small, gen- 

erally 10 » or less in diameter. In ap- 
pearance, they resemble meteoritic 

carbonados. 

Our most conservative estimates of 

temperature and pressure during the 

shock are well within the region of 

diamond stability. However, in the very 

short time at the pressure available in 

these experiments, it is unlikely that a 

mechanism involving wide-scale atomic 

movement. and growth processes can be 

responsible for the graphite-diamond 

transition. A comparison of the struc- 

tures of graphite and diamond reveals 

an available diffusionless mechanism 

for the transition. 

The basic element of the graphite 

structure is a sheet of carbon atoms 

in which each atom is bonded to three 

other atoms at 120°C, forming a 

hexagonal network. These sheets are 
stacked in such a manner that alternate 

atoms in a sheet lie above the centers 

of the hexagons in the sheet below. 

There are two simple stacking arrays 

that meet this condition. In the more 
common hexagonal form of graphite 
the stacking is .. ABAB . .; that is, the 

atoms in the third sheet lie directly 

above the atoms in the first. In the 
rhombohedral form of graphite de- 

scribed by Lipson and Stokes (5) the 

stacking is . . ABCABC . .; that is, the 

atoms in the third sheet occupy a posi- 

tion symmetrically related to the first 

two. 

It has been pointed out that the ar- 

rangement of atoms in diamond dif- 

fers from rhombohedral graphite only 

in two respects (6). In diamond the 

sheets of hexagons are .puckered and 

they are much closer together, 2.06 A 
in diamond versus 3.35 A in graphite. 

It appears that a simple compression 

in the stacking (c-axis) direction would 

suffice to convert rhombohedral graph- 

ite to a form very close to diamond. 

To complete the transition the sheets 

must now become puckered, which re- 

quires that each atom move only about 

0.25 A. 
In the shock-loading experiments a 

commercial artificial graphite was 

used. X-ray patterns of this material 

reveal that it is predominantly hex- 

agonal graphite, but there is consider- 

able disorder in the structure. Com- 

parison of our patterns with Franklin’s 

published patterns (7) indicates that 

this graphite contains about 20 percent 

disordered structure. It is probable that 

some of this observed disorder is due 

to the presence of small domains of 

rhombohedral graphite. 

We propose that the graphite-to- 

diamond transition observed in our ex- 

periments took place in properly ori- 

ented domains of rhombohedral graph- 
ite in the manner already described. In 

support of this mechanism is the fact 

that we have not yet been able to 

detect diamond in shock-loaded speci- 
mens of pure hexagonal graphite. The 

failure of Riabinin (8) to form diamond 

in a similar shock-loading experiment 

may have been due to a lack of the 

rhombohedral phase in his original ma- 

terial (9). 
Pau S. DECARLI 

Poulter Laboratories, 

Stanford Research Institute, 

Menlo Park, California 

JoHN C. JAMIESON 

Department of Geology, University 

of Chicago, Chicago, Illinois 
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Role for Ganglionic 

Norepinephrine in Sympathetic 

Synaptic Transmission 

Abstract. Transmission of nerve im- 
pulses in superior cervical sympathetic 

ganglia of cats and rabbits is markedly 
enhanced after reserpine-induced deple- 

tion of ganglionic norepinephrine. Trans- 

mission is also enhanced by administration 

of adrenergic blocking agents. In con- 
trast, reserpine-induced release of gangli- 

onic norepinephrine in animals pretreated 

with a monoamine oxidase inhibitor re- 
sults in a pronounced depression of gang- 
lionic transmission, which lasts until the 
ganglionic norepinephrine disappears. 

These results support the concept that 
norepinephrine in ganglia modulates the 

action of acetylcholine. 

The fact that stimulation of pre- 
ganglionic sympathetic nerves releases 
catecholamines from ganglia (1), to- 
gether with the recent discovery that 
sympathetic ganglia contain consider- 
able amounts of norepinephrine (2), 
prompts speculation on the role of the 
amine in the regulation of synaptic 
transmission. In this regard, Marrazzi 
and others have demonstrated that the 
injection of epinephrine and _ nor- 
epinephrine causes inhibition of gangli- 
onic transmission (3). However, con- 
clusions concerning the physiological 
role of a naturally occurring amine are 
questionable when they are based on 

studies of the injected substance. For 
example, the injection of histamine and 
even serotonin, a substance absent 
from sympathetic ganglia, also modifies 
ganglionic transmission (4). 
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We decided that a more direct ap- 
proach to studying the role of nor- 
epinephrine in ganglia would be to com- 
pare synaptic transmission before and 
after depletion of the amine. The 
present report describes experiments 
which implicate ganglionic norepineph- 
rine as a modulator of transmission 
in sympathetic ganglia. In these experi- 
ments changes in synaptic transmission 
were measured in cats and rabbits 
under chloralose anesthesia by applying 
graded electrical stimuli to the superior 
cervical sympathetic nerve and record- 
ing the electrical activity postganglion- 
ically before and after the intravenous 
injection of reserpine in various doses. 
The norepinephrine content of the su- 
perior cervical sympathetic ganglion 
was determined by a specific fluori- 
metric procedure which measures to- 
tal (bound plus free) catecholamine 
and detects as little as 0.040 yg of 
amine (5). 

Reserpine in doses up to 0.2 mg/kg 
had no effect on ganglionic transmis- 
sion; a definite increase was produced 
with 0.6 mg/kg, and maximal enhance- 
ment with 1.25 mg/kg. In control ani- 
mals not given reserpine, the evoked 
potential remained relatively constant 
over a period of 20 hours. As shown 

Table 1. Norepinephrine concentration in cat 
superior cervical ganglia 4 hours after ad- 
ministration of various doses of reserpine. 
The drug, dissolved in water as the lyophilized 
phosphate salt, was given intraperitoneally, 
and the animals were killed 4 hours later. 
Norepinephrine concentrations are mean 
values, and numbers in parentheses indicate 
the number of animals. 

Dose of reserpine Norepinephrine 
(mg/kg) content (ug/g) 

7.1 (16) 

0.005 6.9 (4) 
0.025 5.0 (8) 

0.050 3.0 (6) 

0.200 1.0 (8) 

0.600 <1.0 (6) 

transmission was associated with a re- 
duction in the level of amine of more 
than 90 percent. 

Figure 1 (typical of 12 experiments) 
shows the postganglionic response 
evoked by submaximal and _supra- 
maximal stimuli at various times 
after administration of reserpine (2.5 
mg/kg). After a latent period of about 
4 hours the evoked potential was 
definitely higher than the control value; 
it continued to increase and was maxi- 
mal in about 7 hours. The enhance- 
ment of the potential persisted through- 

in Table 1, facilitation of synaptic out the 12 hours of the experiment. In 
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Fig. 1. Effect of reserpine on amplitude of postganglionic potential in response to graded 
electrical stimuli applied preganglionically to superior sympathetic ganglion. Stainless 

steel electrode pairs were used. Subthreshold (2 volts, 1 cy/sec, 0.01 msec) and supra- 
maximal (8 volts, 1 cy/sec, 0.01 msec) stimuli were applied in control period. Reserpine 
(2.5 mg/kg) was administered in divided doses at the indicated times. Records of 10 
potentials, 1 second apart, measured at 2, 7, and 12 hours (upper left of the figure), 
indicate the reproducibility of the response. Note the reduction in amplification re- 
quired to record the 12-hour response. 
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some experiments stimuli which pro- 
duced no. effect in the control period 
now evoked a potential equal to the 
greatest response produced by supra- 
maximal stimuli. In the rabbit, trans- 
mission of impulses across the superior 
cervical sympathetic ganglion was also 
facilitated by doses of reserpine that 
depleted ganglionic norepinephrine. 

Experiments with cats given adrener- 
gic blocking agents provided additional 
evidence of a role for norepinephrine 
in ganglionic transmission. Within 20 
minutes after the intravenous injection 
of 1 mg of ergotamine per kilogram, 
the potential evoked by supramaximal 
stimuli was facilitated by 200 percent 
or more for a period of at least 1 hour. 
Similar effects were produced with 20 
mg of dibenamine per kilogram. Pre- 
liminary results have shown that gang- 
lion transmission is also facilitated by 
bretylium, a hypotensive drug that pre- 
vents the physiologic release of norep- 
inephrine from sympathetic nerve 
endings (6). 

Since transmission was enhanced in 
ganglia devoid of norepinephrine, the 
question could now be raised whether 
transmission would be inhibited in 
ganglia containing an accumulation of 
the free amine at the sites of release. 
A high level of free norepinephrine in 
ganglia was produced by treatment of 
cats with MO 911 (7), a potent mono- 
amine oxidase inhibitor (8), and then 
by releasing the amine from storage by 
means of reserpine (1.25 mg/kg). As 
a result of blocking monoamine ox- 
idase, the disappearance of the norep- 
inephrine released in ganglia by re- 
serpine was much slower than in 
animals given reserpine alone. Thus 1 
hour after reserpine administration, the 
level of norepinephrine in- the ganglia 
of cats given both the monoamine ox- 
idase inhibitor and reserpine was 
2.7 pg/g (mean of four ganglia) com- 
pared with traces of amine in ganglia 
of animals given reserpine alone. With- 
in 15 minutes after administration of 
the alkaloid, the potential evoked by 
submaximal stimuli was almost com- 
pletely blocked; even the potential 
evoked by supramaximal stimuli was 
markedly reduced. In 2 to 3 hours, 
when the free norepinephrine had 
finally diffused away, facilitation of the 
evoked potential was again observed. 

The data presented here support the 
concept that norepinephrine as well as 
acetylcholine is implicated in trans- 
mission phenomena in sympathetic 
synapses. Cholinergic ganglionic trans- 
mission may be considered to effect the 
release of norepinephrine which in 
some unknown manner counteracts 
the effect of acetylcholine in the post- 
synaptic membrane. The reciprocal re- 
lationship between acetylcholine and 
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norepinephrine in sympathetic ganglia 
might be important in buffering large 

fluctuations in central sympathetic out- 
put. These results bring up the pos- 
sibility that in the brain there is also 
a reciprocal relationship between the 
chemical transmitter and norepineph- 
rine or serotonin, the monoamines 

serving as modulators of synaptic trans- 
mission rather than as_ transmitting 
agents. 

E. Costa, A. M. REVZIN, 
R. KUNTZMAN, S. SPECTOR, 

B. B. BRODIE 
Laboratory of Chemical Pharmacology, 
National Heart Institute, 

Bethesda, Maryland 
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Ionium-Thorium Chronology of 

Deep-Sea Sediments of the 

Western North Pacific Ocean 

Abstract. The rate of deposition of 

deep-sea deposits collected at the depths 

of 6215 to 8450 m in the western part of 

the North Pacific Ocean was estimated by 
means of the ionium/thorium ratio. The 
ratio was determined by an alpha-ray spec- 

trometer. Results showed the rate of 0.5 
to 0.8 mm/10* yr for the upper 10-cm 

layer below the sea bottom. 

Pelagic sediments provide important 
records of geological processes in the 
ocean in the past. To estimate the rate 
of sedimentation, distribution of chemi- 
cal elements with radioactivity has been 
extensively studied. The ionium-thorium 
geochronology (/-3) is one of the 
processes which is based on the assump- 

tion of simultaneous removal and depo- 
sition of two isotopes of thorium, 
ionium (Th*, a member of the U™ 
series; 7:3, 80,000 yr) and thorium 
CTR: - Ti, bode 21? yt), from sea 

water. Another assumption of this 
method is that the Io/Th ratio remains 
constant in a given water mass over 
the period under consideration. The 
contribution of thorium and uranium 
from detrital minerals of continental 

or volcanic origin must be negligible or 
can be accounted for. 

Recently, Goldberg and Koide (2) 
developed the alpha-ray spectrometric 
method for determination of ionium 
and thorium in deep-sea deposits. They 
have found an exponential decrease in 
the Io/Th ratio with the depth of burial 
which indicates that the ionium may 
not be redistributed after deposition. 
Rona, Akers, and Parker (3) also ap- 
plied the same method to the age 
determination of North Atlantic de- 
posits. In our laboratory, attempts have 
been made to obtain ages, by means 
of the Io/Th ratio, of deep-sea sedi- 
ments of the western North Pacific 
collected at various depths from aboard 
the research vessel, M.S. Ryofu-maru. 

One to two grams of dried sediments 
were subjected to leaching with a hot 
solution of a mixture of hydrochloric 
and perchloric acid. The residue was 
separated by centrifuge, and leaching 
was repeated. The solution was nearly 
dried up on a sand bath and dissolved 
again in dilute hydrochloric acid from 

which silica was removed by filtration. 
The acidity of the filtrate was adjusted 
to a 3f solution of hydrochloric acid. 

Thorium isotopes were isolated from 

the filtrate with a cation-exchanging 
resin. The thorium isotopes have a 
strong tendency to adsorb selectively 
on the cation exchanger, while there is 
little adsorption of aluminum, iron, and 
other cations in the hydrochloric acid 
media of high concentration. The cation 
exchanger of HR form, Amberlite IR- 
120 of 100 to 200 mesh, was used in 
a column 4 mm in diameter and 5 cm 
long. A solution was passed through 
the column at a flow rate of approxi- 
mately 1 ml/min. The column of the 
resin in which thorium isotopes were 
adsorbed was rinsed with the hydro- 
chloric acid solution (4f) and water. 
Thorium isotopes were subsequently 
eluted with 0.5M oxalic acid. The 

thorium contained in the effluent was 
plated on a platinum disk 4 cm in 
diameter; this was followed by ignition 
to remove oxalic acid. Another thorium 
isotope, Th™ (UX:), which was pre- 
pared by the method of Cowan (4), 
was used as a radioactive tracer to 
determine the chemical yield. The re- 
covery of the thorium isotopes was 
checked each time with the activity of 
beta rays of Th™. The results of tracer 
experiments gave a yield ranging from 
70 to 97 percent. 

The intensities of the alpha rays of 
Th™ and Th™ plated on the platinum 

disk were measured with an alpha-ray 
spectrometer, which consists of a Frisch 
grid-ionization chamber (Tracerlab), 
combined with a high-gain amplifier and 
a pulse-height analyzer. Since alpha- 
particles of Io and Th have dominant 
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Table 1. Ionium-thorium ratio and rate of 
deposition of cores from the western North 

Pacific Ocean. 

Depth Rate of 
interval Io/Th sedimentation 
(cm) (mm /103 yr) 

Sample JEDS-1-R; 30°24.6'N, 124°18.7'E; 
8450 m (Ramapo Deep) 

0- 3 3.4 + 0.2 0.5 + 0.04 

3-7 2.0 + 0.1 She 
12-15 0.2 = 0.1 i : 

Sample JEDS-2-C2; 42°48.0'N, 147°59.0'E; 

8005 m 

0- 4 4.0 + 0.2 

4-8 2.6 + 0.1 Sa 05 
Sample JE DS-3-D\; 29°50.0'N, 147°28.3'E; 

6215 m 

0- 5 6.2 + 0.5 

5-10 2.8 + 0.2 Pe 
10-15 0.4 + 0.1 : _ 

energies of 4.6 to 4.7 and 3.98 Mev, 

respectively, they can be measured sepa- 
rately with a pulse-height analyzer. Thus 
the abundance ratio of Th” to Th™ 
was obtained as the ratio of alpha- 
counts at each energy level. 

The results of analyses of Io and Th 
in three cores of deep-sea sediments 
collected from the depth of 6215 to 
8450 m in the western North Pacific 
are given in Table 1. Exponential de- 
crease in the Io/Th ratio with the depth 
of burial is observed in each sample. 
Thus, it may be said that, during the 
time period of the last 100,000 yr, 

the sedimentation environment in this 
region has not differed largely from 
that of the present. 

From these analytical results the rate 
of sedimentation of approximately 0.5 
to 0.8 mm/10° yr was obtained in the 
upper 10-cm layer below the sea bot- 
tom. These values are of the same 
order of magnitude that Goldberg and 
Koide (2) gave to the deposits of the 
Eastern Pacific and that Pettersson (5) 
gave to the sediments from near Tahiti 
Island in the South Pacific. 

Baranov and Kuzmina (6) gave a 
much more rapid rate of deposition of 
10 to 30 mm/10* yr in the western 
region of the North Pacific. However, 
there are some doubts about their 
analytical results and the estimation of 
the rate of sedimentation. 

According to Goldberg and Koide, 
the Io/Th surface ratios in the Eastern 
Pacific clays can be classified into two 
groups. One is found in the region 
between the Aleutian Islands and Ha- 
waii with the value of the Io/Th ratio 
of about 15; the other group has the 
value of about 35, and is found from 
the region between 120°W and 140°W 
longitude and between 40°N and 40°S 
latitude. However, our results regarding 
the western North Pacific cores show 
that the Io/Th surface ratio ranges 
from 3 to 6, which is considerably 
smaller than that in other areas of the 
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This difference is 
difficult to explain at present, but it may 
be noted that Goldberg, Patterson, and 
Chow (8) suggested the similarity be- 
tween the distribution patterns of iso- 

Eastern Pacific (7). 

topes of lead (Pb) in manganese 
nodules and the Io/Th ratio in the 
deposits in the Pacific. In this respect, 

they gave the extraordinarily smaller 
value of the lead isotope for the sea 
area near the Japanese islands (9, 10). 

Yasuo MIYAKE 
YUKIO SUGIMURA 

Geochemical Laboratory, 
Meteorological Research Institute, 
Suginami, Tokyo, Japan 
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Compositional Categories 

of Ancient Glass 

Abstract. From chemical analyses of 

ancient glasses found in Europe, West- 

ern Asia, and Africa from roughly the 
15th century B.c. until the 12th century 

A.D., five main compositional categories 
have become apparent. With the possible 

exception of lead glasses which are only 

occasionally encountered in finds from this 

period, each of the main categories was’ 

prevalent over a wide geographic area for 

a period of at least several centuries. The 

categories are described in terms of the 

expected ranges of concentrations of the 
five elements, magnesium, potassium, 

manganese, antimony, and lead, which 

most clearly differentiate the groups. 

A series of approximately 200 frag- 
ments and powdered samples of ancient 
glass has been collected through the 
agency of the International Committee 
on Ancient Glass and analyzed chemi- 
cally at Brookhaven National Labora- 
tory. The specimens were selected to 

represent a cross section of glass pro- 
duced in the Middle East, Africa, and 
Europe after the inception of hollow 
glass manufacture during the second 
millennium B.c. Our terminal date in 
Europe coincides with the introduction 
of postassium-rich compositions in 
about the 10th century a.p. We follow 
Islamic glass to the development of its 
splendid enameled bottles and lamps 
about two centuries later. The speci- 
mens were generously provided from 

the collections of 20 museums, univer- 
sities, and related institutions, 12 active 
sites of archeological excavations, and 
several individuals. Most of these speci- 
mens were excavated under scientific 
supervision; others were of known pro- 
venance to the degree, at least, that the 
locations of their discovery were re- 
corded. Occasionally the data on cer- 
tain groups of specimens were supple- 

mented by analysis of objects of 
unknown origin but showing a high de- 
gree of conformity in style. Otherwise, 
specimens of unknown origins have 
been investigated only where equally 
valid justification was present. 

The purpose of this research has been 
to reveal any systematic compositional 
differentiations in ancient glass, whether 
based on regional or chronological 

classifications. The work represents an 
initial approach to a systematic tech- 
nological study of ancient glass (7). We 
have placed the principal emphasis on 
the common types of clear glass, to 
avoid undue bias of color chemistry or 
the distractions of highly atypical spe- 
cialties in ancient glass. Only occa- 

sionally have deliberately colored speci- 
mens been examined. 

The glasses were analyzed for 26 
elements by a combination of three 
techniques: arc spectrography, flame 
photometry, and colorimetry, the spec- 
trographic plates being read quantita- 
tively by means of a photoelectric den- 
sitometer. The resulting analyses were 
found to be reproducible with standard 
deviations within 20 percent of the re- 
ported values. 

On the basis of these analyses, five 
main categories of ancient glass have 
become apparent, not considering an- 
cient production in the Far East. Each 
is characterized by a chemical com- 
position distinctly different from that of 
the others. A preliminary report of 
these groupings is presented here (2). 

The most significant chemical differ- 
ences between these five groups of an- 
cient glass are presented in Table 1 and 
Fig. 1. No finality is claimed for these 
groups. Further research, for example, 
will surely reveal transitional and 
marginal groups. Within a group, a 
plot of the occurrence of specimens 
against the logarithm of concentration 
closely approximates a chance (Gaus- 
sian) distribution. The significance of 
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Table 1. Mean concentrations of the oxides that best characterize ancient glass. 

Mean percent concentrations and standard deviation ranges 
Specimen: 

Glass group FINO.) Magnesium Potassium Manganese* Antimony Lead 
MgO K.O MnO Sb.0, PbO 

Second millenium B.c. 15 3.6 1.13 0.032 0.058 0.0068 
(4.6-2.9) (1.89-0.69) (0.046-0.021) (0.32-0.011) (0.048-0.0010) 

Antimony-rich 34 0.86 0.29 0.022 1.01 0.019 
(1.24-0.60) (0.47-0.17) (0.035-0.014) (1.93-0.53) (0.077-0.0047) 

Roman 73 1.04 0.38 0.41 0.040 0.014 
(1.47-0.73) (0.63-0.22) (1.60-0.10) (0.089-0.018) (0.057-0.0033) 

Early Islamic 66 4.9 45 0.47 0.021 0.0088 
(6.5-3.6) (2.2-0.94) (1.07-0.21) (0.035-0.012) (0.047-0.0016) 

Islamic lead 6 0.33 0.026 0.022 0.081 36 
(0.47-0.24) (0.051-0.013) (0.031-0.016) (0.19-0.035) (40-33) 

* Some glasses with a characteristic dark blue or violet color contain considerably more manganese than colorless glasses of the same type. It has 
been d that 
values. 

this is that the chance deviations from 
the most probable concentrations are of 
a fractional nature. In light of this ob- 
servation it is reasonable to regard the 
average and the standard deviation of 

the logarithms of concentrations as 
most correctly describing the probability 
of the occurrence of concentrations 

within a group. The mean concentra- 
tions so obtained are in a sense geomet- 
ric means of the concentrations. The 

means and deviation ranges in Table 1 

and Fig. 1 were obtained in this way. 
The lengths of the diamonds in Fig. 1 
indicate the limits of the logarithmic 

standard deviation ranges. 
Glass of the second millennium B.c. 

group (15th century B.c. to about 7th 
century B.C.) is a typical soda-lime glass 

with a high magnesium content, ex- 
amples of which, predominantly from 
Egyptian finds, have been reported in 
earlier studies (3). It is now indicated 

that this composition was characteristic 
of glass produced or used throughout 
the Mediterranean area during the sec- 
ond millennium B.c., as our specimens 
come from Egypt, Mesopotamia, 

Greece (Mycenae), and Persia (Elam). 
This early group is not quite as com- 
positionally consistent as later ones. For 
example, occasionally sizable concentra- 
tions of lead or antimony oxide appear 
to have been added to the basic glass 
mixtures. 

Glass of the antimony-rich group 
(about 6th century B.c. to about 4th 
century A.D.) is characterized by a 
lower potassium and magnesium con- 
tent and by the consistent appearance 
of antimony in high concentration. 
Glass of this over-all composition has 
not been reported previously. If we 
judge by thé areas of the finds, it repre- 
sents the composition used in Greece 
(Olympia), Asia Minor (Gordion), 
and Persia (Persepolis) during the Sth 
and 4th centuries B.c., and the type ap- 

parently continued to be popular in 

areas from the Euphrates eastward 
(Dura Europos and Begram in par- 

ticular) during the ascendancy of 
Rome. Within areas dominated by 
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Rome this glass ceased to be prevalent, 
being encountered only occasionally. 

The Roman group (about 4th cen- 
tury B.c. to 9th century A.D.) appears 
to represent the normal composition of 

“Roman glass” and was probably typi- 
cal of the Syrian coastal cities, Egypt, 

was added deliberately to such glasses as a colorant, and they have been excluded in calculating the average manganese 

Italy, and the western Provinces, re- 
maining with little change through the 
Frankish and Saxon periods. The com- 
position is similar to that of the an- 
timony-rich group except that the an- 
timony content is much lower and in 
most cases the manganese content cor- 
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respondingly higher. This suggests the 
possibility that the distinction repre- 
sents simply the use of one decolorant 
instead of another. Certainly coloration 
due to iron is often effectively sup- 
pressed in glasses of both compositions. 

Glasses of this “Roman” composition 
have been reported in earlier analyses. 
Matson (4) pointed out the essential dif- 
ferences between this glass and early 
Egyptian glass, suggesting the possibility 
that the change from one composition 
to the other was occasioned by the ad- 
vent of glassblowing. Now, however, it 
appears that at least in eastern areas the 
early glass was superseded by the an- 
timony-rich composition several cen- 
turies before the appearance of mass- 
produced blown glass. 

The early-Islamic group (introduced 
8th-10th century A.D.) is the one com- 
prising what might be called “Islamic 
soda-lime glass.” It is marked by a 
return to the higher magnesium .and 
potassium concentrations of the second 
millennium B.c. group but, in general, 
without showing the low manganese 
content of the early glass. The princi- 
pal sources of these specimens in- 

cluded Nishapur, Susa, Quadrisia, 
Kish, Raqga, Fostat, Sabrah, and var- 
ious Iraqi sites represented in the col- 
lection of the Baghdad Museum. 

This glass is so similar to that of the 
second millennium B.c. group that the 
assumption has been voiced that it rep- 

resents an uninterrupted continuation 
of the same glassmaking tradition (5). 
The present analyses, however, would 
suggest that a lapse of many centuries 
occurred between the production of 
these two categories of glass. Certainly 
glasses of both the antimony-rich and 
Roman groups were produced in some 
of the areas destined to become Islamic. 
The possibility, however, that the early 
formulation was used without interrup- 
tion in certain regions (Mesopotamia, 
Parthia, or Central Asia) merits investi- 
gation. 

The four preceding categories repre- 
sent only relatively minor variations in 
the basic soda-lime glass of Western 
antiquity. The distributions of the 
major components, silicon, sodium, and 
calcium oxide, essentially overlap for 
the different categories with standard 
deviations of the order of 25 percent of 
the mean values. 

The identification of the Islamic lead- 
glass group (introduced 8th-10th cen- 
tury A.D.?) is based upon only six anal- 

yses, but the six glasses came from a 
variety of sources and yet possess 
remarkably similar compositions. Glass 
of this composition has not been singled 

out previously. Islamic lead-glass con- 
tains considerably more lead and less 
alkali and lime than most New King- 
dom high-lead glass. It is distinctly 
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different from the lead-barium Chinese 
glass reported by Seligman and Beck 
(6) and also from the two main types 

of 11th—13th century A.D. Russian lead 
glasses described by Bezborodov (3). 

Out of the 26 elements determined, 
only the five that show the clearest dif- 
ferences between the major glass cate- 
gories are listed in Table 1. Some of the 
other elements confirm these differentia- 

tions, others are present in the same 
range of concentration in all except the 
lead glasses, and some are present in 
small erratic concentrations that have 
not yet revealed a correlation with prov- 
enance. Indications of some regional 
correlations within the main categories 
have been noted and are being explored. 
For example, Islamic glass from Iraq 
and northwestern Iran appears to have 
significantly less manganese than other 
Islamic glass. Also, high-antimony glass 
found at Persepolis can be differentiated 
from fundamentally similar and con- 
temporary glass excavated in Greece 
and Asia Minor upon the basis of its 
relatively low contents of titanium, 
zirconium, and lead. The possibility of 
determining the concentration of addi- 
tional elements, which are present in 
concentrations below the limits of 
spectrographic sensitivity, by means of 
neutron activation analysis is being in- 
vestigated. Also, it has been possible to 
determine without the consumption of 
sample the concentrations of the five 
elements of Table 1 by x-ray fluores- 
cence analysis. 

The initial and terminal dates of the 
main groups should eventually become 
more precise, and some of the main 

compositional changes in ancient glass- 
making will probably be explainable 

in terms of the raw materials utilized, 
improved furnace designs, and other 
shop improvements. An ultimate objec- 
tive will be to pin down individual de- 
posits and to establish trade routes in 
raw materials (7). 

E, V. SAYRE 
Department of Chemistry, 

Brookhaven National Laboratory, 
Upton, Long Island, New York 

R. W. SMITH 
International Committee on Ancient 
Glass, Dublin, New Hampshire 
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Zinc-65 in Marine Organisms 

along the Oregon and 

Washington Coasts 

Abstract. The concentration of zinc-65 
in marine animals and plants near the 
mouth of the Columbia River is presented. 

Amounts of radiozinc found in the biota 

diminished rapidly with the distance from 

the river mouth. The highest levels were 
found in plankton, algae, and mollusks. 

Of the human foods, oysters exhibited the 

highest levels. 

Zinc-65, a nonfission product com- 

monly formed by nuclear detonations 
and nuclear reactors, was found in 
pelagic fish collected in 1954 near the 
Pacific Proving Grounds after the 
Castle series of weapon tests (/). It 
was subsequently reported in tuna (2), 
marine plankton (3), mollusks (4), 
and reef fishes (5) of the western 
Pacific. In these marine organisms Zn” 
was responsible for up to 40 percent 
of the total radioactivity and in most 
instances was more abundant than any 
of the fission products. Radiozinc has 
also been found in marine shellfish 
from the Atlantic coast of the United 
States (6). 

This radionuclide is present in Han- 
ford reactor effluents and is one of the 

dominant radioisotopes in aquatic or- 
ganisms inhabiting the Columbia River 

downstream from reactors (7). It is 
also found in agricultural products 
which are irrigated with river water 
taken from the Columbia at a point ap- 
proximately 45 miles down river from 
the reactors (8, 9). 

The amounts of Zn® which enter the 
Pacific Ocean through the Columbia 
River are dependent on several factors, 
including reactor-operating levels and 
river flow. Concentrations of 9 x 10° 
to 1.5 X 107 yc of Zn” per cubic centi- 
meter of Columbia River water were 
measured at Vancouver, Wash., located 
about 90 miles from the river mouth, 
during the last half of 1959 and the 
first quarter of 1960 (9, 10). Total 

discharge of Zn” based on these meas- 
urements ranged from 8 to 55 curies 
of Zn® per day; this would result in an 
equilibrium value of about 7000 curies 
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in the ocean. A recommended rate of 

release of noncontained Zn® into the 
ocean is 1.4 X 10‘ c/yr or approximate- 
ly 40 c/day (J//). 

The dispersion pattern of the Colum- 
bia River in the ocean is not well de- 
fined. In general the flow in summer, 
based on salinity measurements, is 
toward the southwest and may be de- 

tected for distances up to 200 miles 
from the river mouth (/2). Flow in 
winter is generally toward the north 

along the coast of Washington. Factors 
such as wind direction and velocity, 
tidal amplitude and seasonal variation 
in volume discharge of other coastal 
streams in the area will affect the along- 
shore movement of Columbia River 
water. 

To investigate the dispersion and ac- 
cumulation of radioelements from the 
Hanford Atomic Products Operation in 

the marine biota, various kinds of plant 
and animal life were sampled along the 
coasts of Washington and Oregon dur- 
ing September 1957, April 1959, and 
April and July 1960. Early collections 
were made within 40 miles of the 
river mouth while later surveys included 
samples from locations up to 250 miles 
distant. Most of the material collected 
was obtained from the intertidal zone 
and included birds, fish, crustaceans, 

mollusks, algae, and plankton. 

Samples were ashed at 550°C for ap- 
proximately 24 hours before they were 
counted in a 256-channel gamma-ray 
analyzer, which was equipped with a 
3-in. diameter by 3-in. high sodium 
iodide crystal. 

Zinc-65 was the dominant gamma- 
emitting radioelement in all samples 
analyzed, and highest concentrations 
occurred in mollusks, algae, and plank- 
ton. Values for representative kinds of 
algae and mollusks are given in Fig. 1. 
The concentration of Zn® in the biota 
was highest at the mouth of the river 

and decreased very rapidly with the 
distance from there. Mussels from lo- 
cations 100 miles distant from the river 
mouth contained less than 10 percent 
of the amount of Zn® found in mussels 
at the mouth. No appreciable differ- 
ences in levels of radiozinc with respect 

to direction from the river mouth were 
noted, a possible indication of nearly 
equal distribution of river water to both 
Oregon and Washington coasts at the 
time of measurement. 

Interspecies differences in concentra- 
tion of radiozinc were most evident in 
the organisms collected_near the river 
mouth with highest levels found in 
plankton, attached algae, and mussels. 
In 1959 the amount of Zn® in these 
forms was 80, 110, and 100 pyc/g 
(wet weight), respectively. Both the 
algae and the piankton have high 
ratios of surface area to body weight, 
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which possibly makes adsorption and 
entrapment of particulates an important 
factor in the amounts of Zn” found in 
these forms. Mollusks are very rich in 
zinc (13), and oysters contain greater 
amounts than other bivalves (/3, 14). 

As pointed out by Chipman et al. (14), 
the amount of zinc concentrated in the 
soft tissues of oysters is directly related 
to the amount available in the water in 
which they live. The concentration of 
radiozinc in crabs, fish, and marine 

birds was approximately one-tenth that 
found in algae or mussels. 

Although it is rather difficult to 
evaluate the change in concentration of 
Zn” with time because samples were 
not collected at the same season of the 

year, there has been an increase since 
the first measurements were made in 
1957. Little change is apparent between 
1959 and 1960, however. 

Of the marine organisms from near 
the mouth of the Columbia River 
commonly used for food by man, 
oysters had the highest concentration of 
radiozinc, and razor clams were second 
highest in this respect. Willapa Bay, 
Washington, one of the major oyster- 
producing areas of the Pacific coast, is 
located approximately 40 miles from 
the mouth of the Columbia River. 

On the basis of limits for persons 
outside a controlled radiation zone, as 
suggested in Handbook 69 (15), and 
the concentration of 34 pyc of Zn*/g 
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found in Willapa Bay oysters, a con- 
sumption of this seafood at the rate of 
100 Ib/ week would be necessary to pro- 
duce a maximum permissible concen- 
tration of Zn” (6 uc total body burden). 
Although this concentration of radio- 
zinc is higher than that reported in 
other human foods in the United States 
[for example, 0.32 ppc/g in beef liver 
from Nevada (/6), 0.18 pyc/g in At- 
lantic coast oysters (6), and 11 pyc/g 
in beef grazed on land irrigated with 
Columbia River water (8)], it is sub- 
stantially below levels that would pro- 
duce a maximum permissible concentra- 
tion in man even if oysters were the 
sole source of animal protein in the 
diet (17). 

D. G. WATSON 
J. J. Davis 

W. C. HANSON 

Biology Laboratory, Hanford 
Laboratories, General Electric 
Company, Richland, Washington 
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High-Rate Laboratory Filtration 

with Biichner Funnels . 

Abstract. A method is described for 

greatly increasing the efficiency of Biichner 

funnels by utilizing a much larger fraction 

of the filter paper surface. The method 
also makes it possible to use Millipore 
filters efficiently on Biichner funnels. 

Biichner funnels, as commonly used, 
have the disadvantage that filtration is 
limited to those areas of the filter paper 
which lie directly over the holes in the 
porcelain plate. When these areas, 
which represent only a small fraction 
of the paper surface, become clogged, 
filtration stops. The filter paper disk 
studded with mounds of residue is a 

familiar sight. 
A very simple but extremely effective 

way of fully utilizing the total area of 
the filter paper has been devised in this 

laboratory. It consists of interposing a 
disk of screening (Fiberglas window 
screening is good because it will not 
ravel) between the paper and the 
pierced porcelain plate of the funnel. 
The paper is centered over this disk 
(which is about 4% to % in. smaller in 
diameter than the paper), is wet, and 
its edge is smoothed onto the porcelain 
surface. Thus the main portion of the 

paper is kept off the porcelain plate 
and rests instead on a surface having 
many openings. The holes in the por- 
celain serve only to carry off the filtrate. 

The result is that the rate of filtration 
is speeded up greatly, the quantity of 
suspension which can be filtered by a 
single sheet of paper is increased 
markedly, and, instead of the paper 
surface being covered with mounds of 
residue, the whole surface is uniformly 

coated (Fig. 1). 
Typical results include the filtering 

with an 11-cm funnel, of 500 ml of a 
turbid, opalescent bog water in 5 min 
by using the screen, compared with 42 
min for the usual procedure; and the 
filtering of 1 liter of a silica suspension 
(5 g/lit.) in 2 min by using the screen, 
compared with 9 min for the usual 
procedure. On one occasion 900 liters 
of lake water were filtered with a 24-cm 
Biichner funnel, a feat which we would 
not even have contemplated earlier be- 
cause of the time it would have taken. 

Filtering efficiency in terms of re- 
moval of suspended matter is not sub- 
stantially affected by the screen. A 
sample of turbid bog water (51 percent 

transmission of blue light) exhibited 
about the same degree of clarification 
when filtered with No. 42 Whatman 

Fig. 1. Filtration of bog water with a Biichner funnel. Left, usual procedure; right, im- 
proved procedure. 
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paper by the usual procedure (73 per- 
cent transmission) as by the improved 
method (72 percent transmission). 

The method, while devised initially 
for paper filters, is equally applicable 
to Millipore filters which thus can be 
used without the need of special holders. 
The 900 liters referred to above were 
subsequently filtered on the same fun- 
nel through Millipore filters cut to the 
appropriate size. 

JOSEPH SHAPIRO 
Department of Sanitary Engineering 
and Water Resources, Johns Hopkins 
University, Baltimore, Maryland 
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Instrumental Conditioning of 

Jugular Self-Infusion in 

the Rhesus Monkey 

Abstract. A technique is described for 
self-infusion of pharmacologic agents in 

solution through a permanently indwell- 
ing jugular catheter in the rhesus monkey. 

The results of an experiment utilizing this 

technique demonstrate that an_ instru- 

mental lever response can be conditioned, 
extinguished, reconditioned, and brought 
under stimulus control and reward-sched- 
ule control with saline self-infusion as the 
reinforcing stimulus. 

Relatively few psychopharmacologi- 
cal studies have focused upon a sys- 
tematic analysis of the reinforcing 
properties of chemical compounds with 
known behavioral effects (J). Tech- 
nologically, the many problems as- 

sociated with drug administration and 
the arrangement of appropriate contin- 
gent relationships involving behavioral 
indicators have made experimental in- 

vestigations in this area difficult to con- 
ceive and carry out. It is the purpose 
of this report to describe the develop- 
ment of a technique of potential value 
for investigating the reinforcing prop- 
erties of drugs in laboratory animals 
and to present the results of an experi- 
ment designed to demonstrate its 
methodological feasibility. Specifically, 
the present report is concerned with the 
development of a technique for self- 
infusion of pharmacologic agents in 
solution through a permanently in- 
dwelling jugular catheter in the rhesus 
monkey and describes several aspects 
of the conditioning of an instrumental 
lever-pressing response with saline self- 
infusion as the reinforcing stimulus. 
Two rhesus monkeys, restrained in 

chairs, served as subjects. Crackers were 
continually available to them. After 
surgical implantation of permanently 
indwelling catheters in the internal 
jugular vein of each monkey, continu- 
ous recordings of operant levels of 
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responding on a lever switch (a modified 
telegraph key mounted on the chair 
within easy reach of the monkey’s paw) 
were taken for both animals during an 
8-day period (4 days of water available 
alternated with 4 days of no water avail- 
able). After this operant level determina- 
tion under both satiated and water-de- 
prived conditions (Fig. 1A), the water 
bottle was removed and each lever re- 
sponse was programmed to activate an 
infusion pump and produce an injection 
of saline through the indwelling catheter. 
Under this condition of continuous re- 
inforcement, each lever response during 

a 4-hour daily session delivered 1.95 
ml of saline at the rate of 1 ml/min. 
Lever responses which occurred during 
a saline infusion were recorded, but 

otherwise had no consequence. A house 
light was on during each test session 
and off at all other times. With both 
animals, introduction of the saline in- 
fusion reinforcement contingency pro- 
duced a significant increase in the lever- 

pressing response rate which remained 
consistently above operant levels (Fig. 
1B) and which exhibited the typical 
characteristics of behavior under con- 
tinuous reinforcement conditions. The 
subjects self-infused a daily average of 

65 ml of saline during this phase of the 
experiment. 

Extinction of the instrumental lever- 
pressing response was observed in both 
monkeys after discontinuation of the 
saline infusion (Fig. 1C). With only the 
tube from the pump to the catheter dis- 
connected and all other aspects of the 

circuit in operation, a typical lever- 
pressing extinction curve was generated 
by both monkeys with a concomitant re- 
turn to operant level response rates. 
After reconditioning of the self-infusion 
behavior by replacing the pump con- 
nection (Fig. 1D), both monkeys were 

provided with an ad libitum supply of 
water through an easily accessible bot- 

tle and mouth spout. Under these con- 
ditions of free access to water by way 
of the normal oral ingestion route, a 
marked decline in the self-infusion re- 

sponse rate was again observed for 
both monkeys (Fig. 1£). This finding 
indicates that the reinforcing properties 
of normal saline infused in this manner 
are at least partially sensitive to varia- 
tions in “drive” level. 

In the final phase of this experiment 
an attempt was made to bring the in- 
strumental self-infusion behavior under 
exteroceptive stimulus control. Lever 
responses were reinforced with saline 
infusion only in the presence of a dim 
light stimulus presented on a panel in 
front of the monkey. Responses in the 
absence of the light were not rein- 
forced. Five-minute periods of dim light 
were alternated with 5-minute periods 
of no light during each 4-hour daily 
session. After several days of exposure 

to these conditions, the response rates 
and volume of self-infused saline re- 
corded during the dim light condition 
approximated levels obtained during the 

previous continuous reinforcement ses- 
sions. The response rates in the absence 
of the light approximated the operant 
level (Fig. 1F). Preliminary observa- 
tions have also indicated that such self- 
infusion responding can be brought 
under reinforcement schedule control 
by requiring a fixed ratio of lever re- 
sponses to produce each saline injec- 
tion. Introduction of such a ratio re- 
quirement produced a marked increase 
in the response rate over both operant 
and continuous reinforcement levels 

(Fig. 1G). 
These findings indicate quite clearly 

that the self-infusion of a chemical 
compound in solution can serve as a 
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reinforcing stimulus for the establish- 
ment and maintenance of an instru- 
mentally conditioned lever-pressing re- 
sponse. It is also clear that instrumental 
behavior maintained under these condi- 
tions is sensitive to changes in so-called 
“drive” states, and that it can be 
brought under the control of both dis- 
criminable exteroceptive stimulus con- 
ditions and reinforcement schedule con- 
tingencies. Future exploitation of this 
technique will permit an experimental 
analysis of the reinforcing properties 
of many pharmacologic agents under 
varying conditions of behavioral con- 
trol. 

ROBERT CLARK 
CHARLES R. SCHUSTER 

JosEPH V. BRADY 
Walter Reed Army Institute of 
Research, Washington, D.C., and 

Laboratory of Psychopharmacology, 
University of Maryland, College Park 
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Suppression of Male Characteristics 

of Mosquitoes by Thermal Means 

Abstract. Dimorphism in Aedes stimu- 
lans, a northern floodwater mosquito, may 

be decreased possibly to obliteration by 

exposing larvae for most of their lives to 

abnormally high temperature. Determiners 

for maleness fail to express themselves 

when larvae are exposed to a temperature 
of 29°C throughou: their lives. Not only 

are male characteristics eliminated, but 
normal female ones such as ovaries, sper- 

mathecae, and cerci develop. The resultant 

adult is structurally a female. Forms 

showing characteristics of both sexes occur 

when the number of days of exposure to 

29°C is lessened. 

The sexes of mosquitoes differ in 
appearance in a number of easily rec- 
ognizable ways, as has been well sum- 
marized by Snodgrass (J). Anteriorly, 
the appendages of the head are dis- 
tinctive for each sex. The antennae 
and palpi of males are strikingly more 
hirsute than their counterparts in fe- 
males. On the other hand, mouth parts 
are reduced from the female comple- 
ment of seven to two functional ap- 
pendages. Caudally, the male has an 
elaborate set of copulatory appendages, 
while the female has none. A pair of 
flaplike cerci marks the caudal portion 
of the female externally. Internally, 
the males have testes, vasa deferentia, 
seminal vesicles, and a bilobed acces- 
sory gland. The female has ovaries, 
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Table 1. Effect of high-rearing temperature on sexual characteristics of genetically intended males 
of Aedes stimulans in the laboratory. M and F, normal male and female; a.m. and a.f., abnormal 
male and female; +, present; —, absent. 

Sex at serial-rearing temperatures of 24° and 29°C 

Imaginal 
parts Days at 24°C: 8 5 4 3 2 1 0 

Days at 29°C: 0 3 4° 5 6 7 8 

Internal parts 
Gonads M M M M F F F 
Tubes to gonads M M M M M,F F F 

Sperms + + + - - - = 
Spermathecae - - - - +,-— - a 

Accessory gland M M M M M,F F F 

Caudal parts 
Parameres M M M a.m. a.m. = _ 
Phallosome M M M M oa — 
Genitalia position M a.m. a.m. a.m. F F F 
Cerci - _ - a.f. F F 

Cephalic parts 
Antennae M M M F F F F 
Palpi M M a.m. a.m am. am. a.f. 
Mouth parts M M M F F F 

oviducts, spermathecae, and a small 
saclike accessory gland. Significant 
changes in these structures have been 
brought about by treating larvae to 
abnormally high temperature (2). 

Mosquitoes showing external char- 
acteristics of both sexes have been col- 
lected in different parts of the world. 
Such anomalies, called intersexes by 
Kitzmiller (3), number less than 40. 
Most of them have come from north- 
ern latitudes, and in some instances 
two or more individuals have been 
collected from the same vicinity at ap- 
proximately the same time. The facts 
of location and repetitive occurrence 
suggest possibie genetic or environ- 
mental causes for the anomalies. Un- 
fortunately, specimens have been col- 
lected so infrequently that little more 

can be inferred. 
Aedes stimulans, a snow-pool mos- 

quito common to Canada and northern 
latitudes of conterminous United States, 
has been induced to express marked 
intersexual tendencies under labora- 
tory conditions. The two sides of 
the responding genetic males are af- 
fected alike, and no unilateral responses 
have been elicited. When a uniformly 
mixed population of larvae (Table 1) 
is separated into two lots immediately 
after hatching and is exposed in one 
instance to a continuous temperature 
of 24°C and in another to one of 
29°C, marked differences between the 
resulting males always occur. Geneti- 
cally intended males from larvae reared 
at 24°C develop antennae, palpi, mouth 

parts, external genitalia, accessory 
glands, seminal vesicles, vasa deferen- 
tia, and testes that are normal in ap- 
pearance and function. Larvae of 
genetically intended males when reared 
at 29°C without exception are like 
females in all respects except for slight 
differences in palpi. Internally, the 
anomalous males have ovaries, oviducts, 

” 

and spermathecae, and they lack testes, 
vasa deferentia, seminal vesicles, and. 
bilobed accessory glands. The ovaries 
have globular egg chambers indistin- 
guishable from those of young genetic 
females (see 4). 

Abnormally high temperature exerts 
its modifying effect on larvae of poten- 
tial males according to the duration of 
exposure (Table 1). High temperature 
applied late (last 3 days) in larval life 
produces no structural defects but pre- 
vents rotation of genitalia to the copula- 
tory position. An extension of expo- 
sure to high temperature to include the 
last 6 days of larval life causes a series 
of changes that produces _intersexes. 
Larvae exposed to 29°C for 7 days or 

more grow into apparent females, some 
of which have been inseminated by 
normal males. Insemination was deter- 
mined by examining the spermathecae 
under a compound microscope for the 
presence of sperms. 

Larvae that bear female determiners 

are unaffected by a temperature of 
29°C. They give rise to females that 
are normal in appearance, copulate 
readily by the artificial means described 
by McDaniel and Horsfall (5), feed 
on blood, and develop eggs in a normal 
manner. 

WILLIAM R. HORSFALL 
JOHN F, ANDERSON 

Department of Entomology, 
University of Illinois, Urbana 
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Simple Method for Measuring 

Heart Vector of Isolated 

Animal Hearts 

Abstract. The spatial dipole moment 
of a perfused animal heart suspended at 

the center of a fluid-filled sphere can be 

found in magnitude and direction to a 

good approximation by three sets of bi- 

polar measurements. The method has 
been applied in finding the vectorcardio- 

grams of turtle and rabbit hearts. 

The method for measuring the heart 
vector of isolated animal hearts is based 
upon the facts that (i) the potentials 
at the surface of a fluid-filled insulating 
sphere due to a dipole at the center are 
equal to 3 times the values they would 
have at the corresponding points if the 
medium extended to infinity, and that 
(ii) at sufficiently remote points the 
heart’s electrical activity is determined 
by its resultant dipole moment. 

The first fact is not very well known 
outside the field of electrocardiology 
and cannot be found explicitly stated in 
textbooks of electricity or hydrody- 
namics. The first statement of the rela- 
tion was apparently made by Canfield 
(7), but the derivation was not shown. 
Wilson (2) derived the equation by dif- 

ferentiating the free-space equation and 
setting the derivative equal to zero at 
the boundary. Hicks (3) made the 
first treatment of a source and sink at 
any points within a sphere and showed 
that the image of a source is a source 
at the inverse point plus a line sink 
distribution from the inverse point to 
infinity. The equation he presented 
yields the stated result when solved for 
the case of a dipole at the center. Equa- 
tions for an eccentric dipole have also 
been derived by Wilson and Bayley (4), 
who used a method of Helmholtz (5), 
and by Frank (6), who used spherical 
harmonics. These equations also give 
the same result when solved for the 
centric dipole, if the higher order terms 
are neglected, and if the pole separa- 
tion is small compared with the radius. 

Craib (/) showed that when terrapin 
or rabbit hearts were placed at the cen- 
ter of a glass sphere, 11 in. in diam- 
eter, filled with Ringer’s solution, the 
resulting potential field satisfied the 
dipole equations at points as close to 
the heart as one-third the radius for the 
terrapin heart and one-half the radius 
for the rabbit heart. Hartmann, Veyrat, 
Wyss, and Duchosal (7) showed that 

vectorcardiograms representing the en- 
tire heart could be obtained at points 
at a greater distance than at least two 
diameters of the heart. At points closer 
than this, presumably multipole repre- 
sentations (8) will be necessary. 

Canfield pointed out that the magni- 
tude and direction of the resultant di- 
pole could be obtained from four po- 
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tentials on the surface of the sphere. 
Craib, however, apparently did not 
make use of this fact, for he was main- 
ly concerned with testing the validity 
of the dipole hypothesis. The object of 
the present report is to show how the 
dipole moment can be determined from 
three bipolar measurements. 

Assume a current dipole of magnitude 
M at the center of a sphere and with 
direction defined by the angles a and B 
(Fig. 1). Angle @ is defined as the 
angle between the vector and the hori- 
zontal plane; B is the angle between 
the projection of the vector on the 
horizontal plane and the + x-axis. It is 
easily shown (9) that the potential at 
the surface on the + x-axis is given by 

Vie = = McosacosB+V,) (1) 

where p is the resistivity of fluid in the 
sphere in ohm-centimeters; R is the 
radius of the sphere; and Vo is the 
additive constant. The units of M are 
milliampere-centimeters if V is ex- 
pressed in millivolts, or microampere- 
centimeters if V is expressed in micro- 
volts. 

Also the potential at the surface on 
the — x-axis is 

V.. = — 32, M cos @ cos B+ Vs (2) 

If Es is equal to Vie — V-e, then 

E, = 5255 M cos a cos B (3) 

Similarly, 

E, = 5255 M cos « sin B (4) 

E, = se M sin « (5) 

From these, it is found that 

tan B = E,/E; (6) 

tana = E,/(E.* + E,’)” (7) 

If E:, Ey and E: are measured, a 

and B can be found from Egs. 6 and 7, 
and the results can be substituted in 
Eqs. 3, 4, or 5 to find M. 

If potentials are measured with re- 
spect to any point on the sphere, the 
potential of this point with respect to 
infinity can be designated Vo. When 
subtracting—for example, Eq. 2 from 
Eq. 1—V. drops out. The bipolar 
measurement of the three leads XX, 
YY, and ZZ is therefore sufficient for 
the complete determination of M. 

The equations were first checked by 
means of artificial dipole experiments. 
Two different transparent plastic 
spheres, having diameters of 15.1 and 
25.0 cm, were used for the measure- 

ments of the animal heart. Silver elec- 
trodes were mounted on the inside wall 
and projected through the wall in water- 

Table 1. Magnitude and direction of peak 
vectors during QRS and T in six experiments on 
turtle heart. 

M 
Ware (ua-cm) S B 

QRS 64 — 64° 96° 
5 53 —22° —3r* 
QRS 106 —71° —98° 
T 57 73° 28° 
QRS 100 —22° — 12° 
T 75 -9° — 143° 
QRS 80 — 50° 92° 
7 66 —69° RFS 
QRS 63 —48° 153° 
4 33 — 13° — 14° 
QRS 80 — 36° 128° 

tight bushings. The bipolar leads were 
amplified and applied to an oscilloscope 
and photographed with a Grass moving- 
film camera. 

Hearts were removed from painted 
turtles about 6 in. long and weighing 
about 700 g. The heart was suspended 
on a perfusion cannula at the center of 
the smaller sphere, and the sphere was 
filled with Ringer-Locke solution. By 
using Eqs. 3 to 7, spatial vectorcardio- 
grams were obtained. On the basis of 
six experiments, the average peak vec- 
tor for QRS was 82 pa-cm, pointing 
downwards to the right (Table 1). 

The T vectors were more variable, 
but generally pointed somewhat down- 
wards and to the left; the average peak 
value was 57 y»a-cm. The maximum P 
vector was about 7 pa-cm. 

In four rabbit heart experiments in 
the larger sphere, the average peak vec- 
value was 57 pa-cm for QRS and 100 
pa-cm for T. Two main vectors were 
found, occurring at different times in 
the cardiac cycle. This sphere had elec- 

Y 
Fig. 1. Definition of coordinate system 

and angles. 
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trodes mounted at 30° intervals all over 
the inside wall, so that the heart vector 
could also be calculated by integration 
of the surface potentials (10). The 
simplified method was not as accurate, 
but gave a good approximation to the 
correct values (/7). The data on the 
rabbit and turtle hearts are presented 
only to illustrate the nature of the re- 
sults that can be obtained by the meth- 
od described. The results suggested that 
there is a correlation between the weight 
of the heart and the magnitude of the 
peak vector (72). 

C. V. NELSON* 

Cardiology Research Laboratory, 
Maine Medical Center, Portland 
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Indole-like Urinary Stress 

Reactant in Man 

Abstract. Paper chromatograms on ex- 

tracts from serial 6-hr urine samples from 

humans of both sexes on indole-controlled 
diets revealed either the appearance of or 
marked increment in “spot 32” (1) after 
ACTH gel injections. This corresponds in 

time and duration with the rise in 17- 
hydroxycorticoid excretion. 5-Hydroxyin- 

doleacetic acid and 28 other urinary in- 
doles failed to show this rise predictably. 

There have been several conflicting 
reports in recent years concerning ab- 
normalities in indole excretion in 
schizophrenic patients compared with 
neurotic, “normal,” or other control 
groups (2, 3). Kety, in his recent ar- 
ticles in Science (4), has speculated 
extensively concerning various system- 
atic experimental errors which may 
account for these differences. It has 
been our general purpose to explore 
some of these “extraneous” factors in 
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Fig. 1. A typical response of the indole-like “spot 32” and 17-hydroxycorticosteroids to 

ACTH gel injections. Spot 32 is visible down to a size corresponding to 6 mg weight. 
Spot 32 was not present except where indicated. 

an effort to explain with documenta- 
tion some of the findings reported in 
the area of indole research on schizo- 
phrenic patients. We are currently en- 
gaged in an evaluation of the effect 
of nonspecific stress factors on urinary 
indole excretion. This report presents 
a heretofore unreported phenomenon 
associated with activation of part of the 
physiologic stress mechanisms by 
ACTH injection—that of a predictable 
change in the excretion of indole-like 
compound. 

Hospitalized neurotic, psychotic, and 
psychopathic patients who had not 
been on drugs were placed on a 
standardized, high-calorie, high-protein 
diet that was free of indoles except 
for the tryptophan contained in the 
protein (5). Twelve 6-hr urine speci- 
mens were collected before and nine 
after the intramuscular injection of 40 
units of ACTH gel. Urinary extracts 
were made and chromatographed ac- 
cording to the method of Armstrong 
et al. (1) with the exception of the 
application of extract equivalent 
to 2 mg of creatinine for chromatog- 
raphy. The bidimensional solvent sys- 
tems were isopropanol-ammonia-water 
(8:1:1) and benzene-proprionic acid- 

water (10:7:5). 17-Hydroxycortico- 
steroids were determined by the method 
of Silber and Porter (6). The chroma- 
tograms were analyzed semiquantita- 
tively by cutting out and weighing the 
spots. Using known indoles, we found, 
as did Masuda et al. (3), that there 
was a linear relationship between the 
amount of indole present and the size 
of the spot as indicated by its weight 
in the quantity range being measured. 

Exogenous indoles from dietary 
sources due to previous uncontrolled 
food intake disappeared in 24 to 36 
hr, resulting in relatively stable indole 
chromatograms from period to period 
except for the consistent diurnal varia- 
tion (7). After the injection of 40 units 

of ACTH gel, there was no predictable 
change in any of the 30 or more indole 
spots manifested by most patients 
with the exception of spot number 32. 
This spot was absent in pooled urines 
from the psychiatric staff and in most of 
the patients studied during the control 
period. It appeared usually between 6 
and 12 hr after the injections and 
peaked in density and size during the 
period of maximum 17-hydroxycorti- 
costeroid excretion (Fig. 1). It disap- 
peared most commonly in 18 to 24 hr. 
Spot 32 failed to appear in those pa- 
tients who, for some reason, did not 
respond to ACTH with a rise in excre- 
tion of 17-hydroxycorticosteroids. The 
appearance of this spot appeared to be 
unrelated to the diet, bowel status, or 
urinary volume and specific gravity. 
The response of this spot is probably 
unrelated to changes in the creatinine 
referent, because creatinine excretion 
did not change significantly with ACTH 
injection. The determinations of the 
29 other indoles which likewise used 
creatinine equivalents of urine did not 
evidence this change predictably. In 
addition, its appearance was inde- 
pendent of age, sex, or diagnostic cate- 
gory of the subjects. Its Rr (0.07, 0.01), 

ultraviolet sensitivity, relative position, 
and development characteristics with 
p-dimethylaminobenzaldehyde suggest 
strongly that it is an indole or indole- 
like compound and is identical with 
spot 32 of Armstrong et al. (1). We 
are currently engaged in characterizing 
this response further by using corti- 
coids, epinephrine, and psychological 
stress. Efforts are likewise being made 
to characterize this compound chemi- 

cally. 
ARNOLD J. MANDELL 

GRANT G. SLATER 
IRENE MERSOL 

Neuropsychiatric Institute, 
University of California Medical 
Center, Los Angeles 
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Standard for Reporting 

Concentrations of Deuterium and 

Oxygen-18 in Natural Waters 

Abstract. A standard, based on the set 
of ocean water samples used by Epstein 

and Mayeda to obtain a reference standard 

for oxygen-18 data, but defined relative to 
the National Bureau of Standards isotopic 

reference water sample, is proposed for 

reporting both deuterium and oxygen-18 

variations in natural waters relative to the 

same water. The range of absolute con- 
centrations of both isotopes in meteoric- 
waters is discussed. 

In a previous report (/) the relation- 
ship between deuterium and oxygen-18 
variations in meteoric waters through- 
out the world was shown. Many labora- 
tories are measuring one or the other of 
these isotopes in various types of nat- 
ural waters, and those workers study- 

ing O” variations have more or less 

adopted, as a reference level for report- 
ing enrichments, the “average ocean 
water” found by Epstein and Mayeda 
in the first precise work on O*/0O" ratios 
in natural waters (2). 

Deuterium analyses, however, occur 
in the literature relative to at least six 
different “working tap water” standards. 
In the previous report (/) the data pre- 
sented for both isotopes showed how 

important it is to obtain data on both 
D and O* variations in the same water 
samples, and it therefore seems that a 
common deuterium standard, preferably 
the same water as the O” standard, 
should be adopted for consistency. The 
data shown previously (/) indicate that 
tap waters from various countries could 
easily differ by as much as 15 percent 
in the D/H ratio, and for many reasons 
it appears to be desirable to have an 
ocean water standard for reporting 
geochemical data. 

For this purpose, the same set of 
ocean waters chosen by Epstein and 
Mayeda to give their “average ocean 
water” for O” data was analyzed for 
the D/H ratio along with the samples 
described previously (1). These waters, 
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taken from depths of 500 to 2000 m in 

open ocean areas where no direct dilu- 
tion by continental runoff or glacial 

melt water could occur, were grouped 
by Atlantic, Pacific, and Indian Ocean 
samples, and equal volume composites 
were made from each set and analyzed 
relative to the laboratory working 
standard. 

No single sample of “average ocean 
water” which could be circulated wide- 
ly for analysis actually exists. Oxygen- 
18 data have generally been tied to the 
Epstein-Mayeda scale by analysis of 
various carbonate samples, requiring 

special techniques for preparation of 
100 percent HsPO., and so on. How- 
ever, in the course of the present work 
it was found that both the D and O” 
data on the set of ocean waters analyzed 
could be very simply specified in terms 
of the National Bureau of Standards 
isotopic reference sample No. 1, a dis- 
tilled water sample of large volume in- 

tended for cross-check circulation to 

mass spectrometric laboratories (3). 
After consultation with various labora- 
tories it was decided to define a “stand- 
ard mean ocean water” (SMOW) in 
terms of the National Bureau of Stand- 
ards reference sample 1, such that 

D/H (SMOW) = 1.050 D/H (NBS-1) 

0*/0* (SMOW) = 1.008 0*/0* (NBS-1) 

and to report isotopic data for both 

isotopes as per mil enrichments relative 
to the defined SMOW (4), thus tying 
the standard to a sample readily avail- 
able for world-wide distribution. 

The isotopic analyses of the com- 
posite ocean water sets made from the 
samples used by Epstein and Mayeda 
are shown in Table 1, in which the 

O” data are averages for each set taken 
from their paper (2) with slight correc- 
tions later found necessary (5). The 
deuterium analyses are those I made, 

and all data have been calculated rela- 
tive to SMOW,, so that 

5 = [(Reampie/Rsuow) — 1] X 1000 

is the per millage enrichment in either 

isotopic ratio R, relative to SMOW. 
The analytical precision has _ been 
described (J). 

These data indicate that, within the 
limits of analytical precision and 
geographical variation, SMOW as de- 
fined above provides a consistent and 
convenient zero reference level for re- 
porting isotopic enrichments and is an 
adequate average for the Epstein- 
Mayeda O” data on “average ocean 

water.” Clearly it will be a long time 
before the actual mean ocean composi- 
tion is known; the designation “stand- 
ard” indicates that SMOW is an arbi- 
trary mean value based on the Epstein- 
Mayeda oxygen scale but defined in 
terms of an actual water reference 
standard, the NBS-1. The §O” value of 

Table 1. D/H and O/O* enrichments of the 
Epstein-Mayeda “average ocean water” set and 
other samples, in per millage relative to 
SMOW. Numbers in parentheses after ocean 
names indicate number of samples in each set. 

Sample &D (per mil) 480% (per mil) 

Atlantic (6) — 0.7 + 0.14 

Pacific (11) + 09 + 0.04 

Indian (2) + 01 — 0.07 

NBS-1 — 47.60 — 71.94 

NBS-1A —183.3 —24.33 

the Chicago PDB-1 carbonate standard 
(CO: from reaction with 100 percent 
HsPO: at 25°C) is +0.22 per mil on 

the SMOW scale (6). 
Table 1 also shows the NBS-1 data 

as defined versus SMOW, and the value 
obtained for the NBS-1A secondary 
water standard. The D/H enrichment 
of NBS-1A relative to NBS-1 is found 
to be —142.5 + 2.5 per mil (3). Horibe 
and Kobayakawa found a value of 
—141.3 + 2.3 per mil (3,7) in good 
agreement. Their data yield an absolute 
D concentration for SMOW of 157 = 
1 atomic parts per million (ppma), 
based on direct calibration with en- 
riched standards. I analyzed five water 
samples which had been measured pre- 
viously for absolute D content by 
Kirshenbaum (8); this comparison gives 
a D concentration of 159 + 2 ppma for 
SMOW. We may therefore take the 
absolute D content of SMOW as 158 
+ 2 ppma, corresponding to a D/H 
ratio of 1/6328. 

Absolute O” concentrations, based 
on data obtained by Nier and me, have 
been given for standards including the 
NBS-1 water (5). From these data the 
O* concentration in SMOW is found to 
be 1989.5 + 2.5 ppma, corresponding 
to an O*/O” ratio of (1993.4 + 2.5) 

x 10°. 
In the previous paper (/) the relation 

between §D and §O”, expressed as per 
millage enrichments relative to SMOW, 
was found to be linear in the majority 
of meteoric waters, obeying the equation 

sD = 8 30* + 10 

By using the absolute concentrations for 
SMOW as given above, the atom frac- 
tions of D and O” are found to be re- 
lated in meteoric waters by the expres- 

sion 

Xp = 0.6359 Xo — 1105.6 

when the atom fractions are given in 
atomic parts per million. This relation 
is approximately obeyed by ocean waters 
also, but does not hold for lakes having 
high ratios of evaporation to outflow. 

The total variations in meteoric 
waters are about 360 per mil for deu- 
terium and about 48 per mil for oxygen- 
18, relative to the concentrations in 
SMOW. This variation in D content 
corresponds to a variation of about 6 
ppm in density, while the O” variation 
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corresponds to about 11 ppm in density. 
Thus the total density variation in 
meteoric waters produced by _ these 
isotopes is about 17 ppm, of which 
about 65 percent is due to O*. The 

atomic weight variations in hydrogen 
and oxygen in these waters are about 
5.7 X 10° and 1.9 X 10“ atomic mass 
units respectively. 

HARMON CRAIG 

Department of Earth Sciences, 
University of California, La Jolla 
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Effect of Low Concentrations of 

Carbon Dioxide on Photosynthesis 

Rates of Two Races of Oxyria 

Abstract. Alpine plants of Oxyria digyna 

have higher apparent photosynthesis rates 

at various carbon dioxide concentrations 

than arctic, sea-level plants of the same 

species. The ability to utilize carbon diox- 

ide effectively at low concentrations may 

be involved in the survival of plants at 
high elevations. 

The volumetric concentration of at- 
mospheric carbon dioxide in parts per 
million varies little with altitude (J). 

On the other hand, the partial pressure 
of CO: in the atmosphere decreases 
with altitude and with lowered total at- 
mospheric pressure. As Decker (2) has 
pointed out, diffusion of CO: into a leaf 
is a function of CO: pressure. This has 
led to the suggestion (2, 3) that the alti- 
tudinal gradient of CO: pressure may 
be an important factor in the zonation 
of plant species on high mountain 
ranges. 

Since any possible effect of low CO: 
pressure on alpine plant metabolism 
would be difficult to detect in the com- 
plex of environmental. factors operating 
under field conditions, it is necessary to 
test this hypothesis under controlled 
conditions. In the laboratory, Decker 
(4) measured the effects of different 
CO: concentrations (in parts per mil- 
lion) on apparent photosynthesis rates 
of plants from a lowland (elevation, 150 
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Fig. 1. Apparent photosynthesis rates of Oxyria leaves at low CO, concentrations. 

Points are averages of two to four determinations on a single plant. 

feet) clone of Mimulus cardinalis Dougl. 
and of a hybrid between this clone and 

a high elevation (10,700 feet) form of 
M. lewisii Pursh from the Sierra Nevada 
Range of California. The results of his 
experiments showed no_ consistent 
differences between the two clones in 
apparent photosynthesis rates at differ- 
ent CO: concentrations and, _ thus, 

yielded no support for the hypothesis. 
In our experiment we used plants of 

Oxyria digyna (L.) Hill, a wide-ranging, 
arctic-alpine herbaceous species whose 
photosynthesis rates are relatively well 
known (5, 6). The sea-level race was 

from the northern coastal plain of 
Alaska at the mouth of the Pitmegea 
River (68°56’N), while the alpine race 
was from Logan Pass, Montana 
(48°42’), at an elevation of 2027 m. 

The plants were all the same age (4 
months), grown from seed (7) under 
controlled conditions of continuous 
photoperiod and alternating 12.5°C and 
1.5°C thermoperiods of 12 hours each. 
Apparent photosynthesis rates were 
measured with an infrared gas analyzer 
by the techniques described by Mooney 
and Billings (6). Two to four determina- 
tions were made at 20° and at 30°C on 
single attached leaves of three plants 
from each race under 1850 ft-ca of 
light. As in Decker’s method, the plant 
was allowed to reduce the CO: in the 
dry air system from above 0.4 mg/lit. 
down to the compensation concentra- 
tion, which was usually between 0.1 and 
0.2 mg/lit. Results are expressed as 
averages of milligrams of CO: uptake 
per square decimeter of one leaf surface 
per hour; they are shown in Fig. 1. 

Throughout the entire range of CO: 
concentrations at which apparent photo- 
synthesis was measured, the plants 
from the alpine race were clearly more 
effective in fixing COs Moreover, the 
compensation’ concentrations of the al- 

pine race were not reached until near 
or below 0.1 mg of CO: per liter. None 
of the plants of the sea-level race had 
any apparent photosynthesis at this low 
CO: concentration, which approximates 
the CO: tension at an altitude of 
12,200 m. Even at a concentration of 

0.4 mg/lit., which approximates the 
CO: tension at 3000 m, plants of the 
sea-level race were only about 70 per- 
cent as effective photosynthetically as 
those of the alpine race. 

While there was a slight tendency 
for plants of both races to be more 
effective at 20° than at 30°C, there 
was no clear-cut effect of temperature 
on apparent photosynthesis and com- 
pensation concentration as observed by 
Decker in Mimulus. 

The data presented here appear to 
give substance to the hypothesis that 
low CO: pressures may limit the up- 
ward distribution of plants of certain 
species and races on high mountain 
ranges (8). 

W. D. BILLINGS 
E. E. C. CLEBSCH 

H. A. MOooNEY 

Department of Botany, Duke 
University, Durham, North Carolina 
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_____Kedak reports on: 
a missile by any other name... the relativity of rapidity ...a robot for 
speechmakers...a fair exchange at Woods Hole 

The basking sharks are in again 
A place where guided missiles are 
tested phoned. They wanted to know 
about Squalane (Eastman 7311), the 
hydrogenated form of Squalene (East- 
man 6966), a branched, polyunsatu- 
rated hydrocarbon derived from the 
liver of the basking shark. Some years 
ago we had mentioned in an advertise- 
ment that not only biochemists and oil 
chemists but also dogs found one or 
the other of these two compounds in- 
teresting. The man at the missile place 
wanted to know if there was anything 
in our squalane that would be harmful 
when painted on the 
missiles before firing so 
as to guide the trained 
dogs they send out snif- 
fing over the impact 
area to bring back the fragments for 
examination. We reviewed our squal- 
ane specifications with him. They satis- 
fied him, and they certainly ought to 
satisfy anybody who smears squalane 
on his missiles to guide dogs. 

All of the more than 3900 organic chemi- 
cals listed in ‘“‘Eastman Organic Chemicals 
List No. 42” are not sold for smell alone. 
For a copy of this list, write Distillation 
Products Industries, Inc., Rochester 3, 
N. Y. (Division of Eastman Kodak Com- 
pany). 

Latest advice on instrumentation film 
Background: A photographic material is said to be 
“fast” if it requires little energy to deliver an image. 
The term comes from an olden time when portrait- 
ists were reducing the duration that the subject had 
to “hold it” from 5 minutes to 1 minute to a few 
seconds and on down. Only professors and their 
brighter students had clear notions of what energy 
meant. When the photographers did acquire an in- 
tuitive grasp of the concept, the physicists kept a 
step ahead of them by pointing out that the time 
rate of energy delivery to the emulsion was also im- 
portant. At this, they were probably accused of 
pedantry, but unjustly. 
The common man came to equate speed with 

merit in photography. The wise men were sad. 
“No,” they countered patiently, “the faster the 
emulsion the larger the grains must always’ be. 
There is no escape.” But there was. 

Kodak Royal-X Pan Recording Film, 
given the proper low-contrast develop- 
ment, is the fastest material we have. 
This holds true both for hand-camera 
exposure times and for the very short 
exposure times of high-speed instru- 
mentation. Royal-X Pan is very good 
to have when you need every bit of 
sensitivity you can get, but it is grainier 
than other Kodak films. Furthermore, 
its speed advantage over other good 
Kodak recording films shrinks and 
disappears altogether for high con- 
trast and very short exposure times. 

Very recent advances in emulsion 
technology have produced the new 
Kodak Double-X Panchromatic Nega- 

This is another advertisement where Eastman Kodak Company probes at random for mutual interests 

and occasionally a little revenue from those whose work has something to do with science 
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tive Film. For very short exposure 
times and 8 minutes in Kodak De- 
veloper D-19, it is just about as fast as 
Royal-X Pan Recording Film, but its 
graininess is much less—on a par with 
the fine-grain and sharpness formerly 
attainable only in comparatively slow 
films. 

If you want high contrast for very 
short exposure to green light, Kodak 
Linagraph Ortho Film is your ticket. 

All of which tells you nothing of the physi- 
cal forms of these and other Kodak films 
for instrumentation, including color film. 
If you are aware of the omission, you are a 
person who should send for the capsule- 
summary sheet “F3-297” from Eastman 
Kodak Company, Photorecording Methods 
Division, Rochester 4, N. Y. 

Multiply thyself 
Some scientific readers with itchy feet 
will thank us a little less than heartily 
for publishing this tip out in the open 
where the men who approve travel 
expense accounts can read it. For 
others the thrill is wearing thin of skit- 
tering continually here and there over 
the map to show their slides and speak 
their spiel. 
Why not instead send out a box of 

slides, a Kodak Cavalcade Projector, a 
decent tape recorder, and a Kodak 
Cavalcade Programmer that ties them 
together in a presentation so alive that 
your own living presence will scarcely 
be missed? The time saved could be 
devoted to new efforts—raw material 
for slides yet unborn. In return for for- 
going the pleasure of your company as 
entertainer, society gets more out of 
you as investigator. This is a pretty 
bold suggestion; whether society has 
advanced enough to deserve it yet re- 
mains to be seen. Far better that we 
give only the facts and leave the 
visions to the customers. 

The Cavalcade Programmer is used 
by a speaker to pre-package his presen- 
tation in solitude so as to maximize its 
cogency and minimize dependence on 
others for accuracy and effectiveness. 
Its panel bears three ontrol knobs 
and a pushbutton. The microphone 
from the tape recorder is plugged into 
the programmer instead of the re- 
corder itself. The magazine of the 
Cavalcade Projector is loaded with 
the slides. The speaker starts his 
speech. At the instant when he wants 
the first slide to come on, he presses 
the button. This records a 6.5-kc beep 
on the tape. Now he is seeing exactly 
what the audience will be seeing at this 

point in the discourse. Pertinent points 
about it may well occur to him that 
might not occur when speaking with his 
back to the picture and his gaze fixed 
on some vindictive-looking character 
in the fourth row. When he wants the 
next slide he presses the button again; 
without further human intercession 
the beep will change the slide at that 
instant every time. And so on for the 
allotted time. The “erase” feature of 
tape, a benign presence denied to those 
who speak in the flesh, is always com- 
fortingly there during the recording 
session. 
Why three knobs on the panel? We 

are glad you asked. 
As conceived for home entertain- 

ment and commercial promotion use, 
the device provides for musical orna- 
mentation of the show. The knobs 
permit music from other sources to be 
mixed into the tape in proper balance 
to the narration. Scientists willing to 
let the prevailing mood of the presenta- 
tion adjust itself without musical aid 
can find other uses for the additional 
aural supplementation. This capability 
may commend itself to ornithologists 
and psychiatrists, among others. There 
must be others who want to work in 
taped material from the field. 

The Cavalcade Programmer can also 
be used for presentations by audio- 
visual methods other than tape-and- 
slides. (It can cue a movie projector 
into a slide show, for example.) Con- 
versely, it can be used with tape and 
slides for purposes unrelated to speech- 
making. (It can cue a time-lapse cam- 
era, for example, by beeps spaced ac- 
cording to a table of random numbers.) 

Write for a deeper exposition of the 
Kodak Cavalcade Programmer and the 
name of a nearby dealer to Eastman Kodak 
Company, Apparatus and Optical Division, 
Rochester 4, N. Y. 

How traditions start 
Last summer we put in five days stand- 
ing around at Woods Hole Marine 
Biological Laboratory and making 
conversation. We were trying to learn 
as much as we could about current 
photographic needs of biologists. The 
biologists were trying to find out what 
we could do for them. It seems to have 
been a fair exchange. We were invited 
back and have accepted with pride. 

July 10 through 14, 1961 
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Meetings 
Radioisotopes in Entomology 

and Tropical Medicine 

Two international symposia were 
held recently on the uses of atomic 
energy in medicine and entomology. 
These were convened and sponsored by 
the International Atomic Energy Agen- 
cy (IAEA) and the World Health 

Organization (WHO). These United 
Nations organizations had as objectives 
the bringing together of specialists from 
all over the world to review the present 
state of research and the current uses 
of radiation and radioisotopes in medi- 

cine and entomology. Other objectives 
were to focus attention on medical and 
entomological problems in_ tropical 

areas and to stimulate new or addi- 
tional research in various countries. An 
important aim was the bringing together 
of specialists with diverse technical 
backgrounds to give broad perspective, 
to introduce new and improved re- 
search techniques, and to stress the 
potential uses of radioisotopes. 

At the invitation of the government 
of India, the International Atomic 
Energy Agency convened a “Sympo- 
sium on Radioisotopes and Radiation 

in Entomology” in Bombay from 5 to 

9 December 1960. Member countries 
of the U.N. were invited to send spe- 
cialists to present papers and _ partici- 
pate in discussions. Participants were 
sent by France, Germany, the Holy See, 
India, Italy, the Netherlands, Pakistan, 
the Philippines, the U.S.S.R.,_ the 
United Kingdom, and the United 

States. Participants from the United 
States, invited and sponsored by the 
U.S. Department of Agriculture and the 
National Science Foundation, were 
B. W. Arthur, L. E. Brownell, J. E. 

Casida, T. L. Hopkins, and D. E. Weid- 
haas; D W. Jenkins, the other U.S. 

participant, was sponsored by IAEA 

and WHO. 
The symposium included sessions on 

the behavior of labeled insecticides in 
plants and animals, insect physiology 
and biochemistry, radiation effects and 
insect control, ecological and biological 
studies, and local problems in agricul- 
tural entomology. The present enor- 
mous loss due to insect damage to crops 
and stored grain and other agricultural 
products and to parasitism in domestic 

animals was emphasized in relation to 
the rapid increase in human population. 
Many outstanding accomplishments in- 
volving use of radioisotopes were pre- 
sented, including elimination of the 
screw-worm fly in Florida by release of 
sterile males, development of new in- 

ae. 

2.9 

¢ 8 

Measure fractions of a microvolt...approaching the Johnson noise limit... 
with Beckman DC Breaker Amplifiers. These high gain, low drift amplifiers 
are insensitive to vibrations, provide fast response and feed outputs directly 

to standard recorders. This means you can measure dc and low frequency ac 
voltages which were impossible or too tedious with devices like suspension 
galvanometers. A few applications include use with ultra-precision bridge cir- 

cuits for measurement of differential thermocouples, nerve voltages, and other 
extremely low voltages. For detailed specifications write for Data File 38-23-11 

* Note low noise level...less than .003 microvolt 
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Beckman: 
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Beckman Instruments, Inc. 

2500 Fullerton Road, Fullerton, California 

secticides, control of pests in stored 
products through irradiation, and use 
of lethal genes for control studies. 

A “Symposium on the Use of Radio- 

isotopes in the Study of Endemic and 

Tropical Diseases” was sponsored 
jointly by WHO and IAEA. This sym- 
posium was held at the invitation of the 
government of Thailand, in Bangkok, 
on 12 to 16 December. These United 
Nations organizations invited selected 
experts in tropical medicine and in the 
medical use of radioisotopes to present 
lectures and participate in discussions. 
Specialists were invited from Australia, 
Ceylon, Nationalist China, India, Iraq, 
Pakistan, the Philippines, Portugal, 
Sweden, Thailand, the Union of South 

Africa, the United Kingdom, the United 

States, Venezuela, and Vietnam. The 

invited speakers from the United States 
were H. H. Anderson, D. W. Jenkins, 

and J. B. Stanbury. The symposium was 
organized by joint scientific secretaries 
from WHO and IAEA. The scientific, 
sessions were on nutrition, anemias, 

endemic goiter, electrolytes, entomol- 
ogy, and parasitology. In each session 
discussion of the major problems by a 
specialist was followed by papers on 
the use and potential use of radioiso- 
topes and radiation. In active discus- 
sion, emphasis was placed on close 
relationships between areas such as 
nutrition, parasitism, and disease and 
on the need for broad and coordinated 
research programs. The continuing and 
urgent need for research to improve 
the health of people in the tropics was 
stressed. Atomic energy was shown to 
be of great value in medical and biolog- 
ical research in tropical areas, and out- 

standing accomplishments are expected. 
The proceedings of the two sympo- 

sia will be published by the IAEA 
and will be available from that organi- 
zation in the near future. 

DALE W. JENKINS 
U.S. Army Chemical Corps Biological 
Laboratories, Fort Detrick, Maryland 

Forthcoming Events 

July 

1-3. Astronomical League, Detroit, 

Mich. (W. A. Cherup, 4 Klopfer St., Mill- 
vale, Pittsburgh 9, Pa.) 

2-7. American Physical Therapy Assoc., 

Chicago, Ill. (Miss L. Blair, Executive 

Director, APTA, 1790 Broadway, New 

York 19) 
2-9. Rural Medicine, 1st intern. congr., 

Tours, France. (Prof. Vacher, Secretaire 

General, c/o Institut National de Mede- 

cine, Agricole, Ecole de Medecine, Tours) 

3-6, Clay Minerals, colloquium on gen- 
esis and synthesis of, intern., Paris, 

France. (Prof. Hocart, Faculté des 

Sciences, Université de Paris a la Sor- 
bonne, 47 rue des Ecoles, Paris 5) 

3-8, Treatment of High Level Radio- 
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gani- For Research and Pilot Plant 
Investigations of Aerobic and 

eH Anaerobic Fermentations. 
7 

th For Tissue Culture and Metabolic Studies. 

Six stainless steel fermentors, with Py- 
rex jars of 5, 7.5, or 14 liter capacity, are 
removable for autoclaving. The non- 
freezing agitators are in stainless steel, 
ball-bearing housings which incorporate 

etroit, — leakproof seals for repeated autoclaving. 
_Mill- } Performance is cool, quiet, and depend- 

able even under continuous operation. 
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ume and pressure are measured and pre- 
cisely regulated. The stainless steel water 
baths, with a temperature range up to 
60°C. are thermostatically controlled 
within + 0.5°C, 

Twin anti-friction drives provide a wide 
range of agitation rates. The apparatus 
can be equipped with an automatic pH 
system and electronic foam control. 

9 JUNE 1961 

Models with Single 
and 3-Fermentor Drive MODEL 
Assemblies also Available. FS-614 

Rs 

UNCONDITIONAL ONE-YEAR WARRANTY 

hal WRITE FOR EN NEW BRUNSWICK SCIENTIFIC CO., INC. 
PRECISION LABORATORY APPARAT CATALOG (f qe 

FSS/691 , 
P.O. BOX 606, NEW BRUNSWICK, NEW JERSEY 
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active Wastes, symp., Intern. Atomic 

Energy Agency, Vienna, Austria. (IAEA, 
11 Kartner Ring, Vienna 1) 

3-16. Durability of Concrete, symp., 

Intern. Union of Testing and Research 

Laboratories for Materials and Structures, 

Prague, Czechoslovakia. (B. Hacar, Di- 

rector, Inst. of Theoretical and Applied 

Mechanics, Czechoslovak Acad. of Sci- 

ences, Solinova 7, Prague 6-Dijvice) 
4-8. Latin-American Assoc. of Physio- 

logical Sciences, 4th meeting, Ribeirao 
Preto, Brazil. (C. R. Diniz, Caixa Postal 

301, Ribeirao Preto, Estado de Sao Paulo) 

5-8. European Organization for Re- 

search on Fluorine and Dental Caries Pre- 
vention, 8th meeting, London, England. 

(J. R. Forrest, Senior Dental Officer, 

Ministry of Health, Savile Rd., London) 

5-8. Optical Materials, colloquium, 
Intern. Commission for Optics, Paris, 

France. (Institut d’Optique, 3, Boulevard 
Pasteur, Paris 15) 

5-9, International Convention on Radio 
Techniques and Space Research, Oxford, 

England. (British Institution of Radio 

Engineers, 9 Bedford Sq., London, WC.1) 

5-12. International Ophthalmic Optical 

Congr., London, England. (G. H. Giles, 

Intern. Optical League, 65 Brook St., 

London, W.1) 

6-7. Free Radicals, intern. symp., Sth, 

Uppsala, Sweden. (Symposium Secretariat, 

c/o Inst. of Physical Chemistry, Uppsala) 

6-12. Agricultural Medicine, 1st intern. 

congr., Tours, France. (J. Vacher, Institut 

National de Medecine Agricole, Ecole de 

Medecine, Tours) 

The Perfect Gift for any Scientist... 

A MEMBERSHIP IN THE AAAS 

As recognition for service .. . for unusual achievement... 

for graduation . . . birthdays 

Here is your opportunity to extend 

the benefits of AAAS membership 

including a subscription to 

SCIENCE .. . to relatives, friends 

or associates. 

The AAAS is the largest federation 

of scientific organizations . . . It was 

established 113 years ago and now 

has over 60,000 individual members. 

JUST FILL IN AND MAIL THE | 
FORM BELOW. (Whether you 

are a member or not, you may order 

a gift membership for someone else. 

Or you may use this same form to 

apply for a personal membership in 

your own name.) 

Dr. RAYMOND L. TAYLOR, Associate Administrative Secretary 

American Association for the Advancement of Science 

1515 Massachusetts Avenue, NW, Washington 5, D.C. 

Please extend AAAS membership to: 

Full name 

Address ...... 

Title .. 

Institutional or company affiliation 

Highest degree (year and institution) .. 

Check one: 

(please print or typewrite) 

(| ) Check or money order enclosed for $8.50 annual membership dues. 

( ) Please bill me at address shown below. 

(_ ) Please bill company at address shown below. 

Company name 

Address 

Your signature 
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6-12. Ribonucleic Acids and Polyphos- 

phates: Structure, Synthesis and: Function, 

intern. colloquium, Strasbourg, France. 

(Prof. Ebel, Faculté de Pharmacie, Uni- 

versité de Strasbourg, Strasbourg) 
9-14. Bio-Medical Electronics, 4th in- 

tern. conf., New York, N.Y. (H. Schwan, 

Moore School of Electrical Engineering, 
University of Pennsylvania, Philadelphia 

4) 
9-15. American Library Assoc., annual 

conf., Cleveland, Ohio. (D. H. Clift, 50 

E. Huron St., Chicago, III.) 

9-15. International Dental Federation, 

49th annual session, Helsinki, Finland. 

(Office of Secretary General, IDF, 35 

Devonshire Place, London, W.1, England) 

10. Bibliographical Soc. of America, 
Cleveland, Ohio. (E. Wolf II, Library 

Co. of Philadelphia, Broad and Christian 

Sts., Philadelphia 47, Pa.) 

10-14. Institute in Technical and In- 

dustrial Communications, 4th annual, Fort 

Collins, Colo. (Director, Inst. in Technical 

and Industrial Communications, Colorado 

State Univ., Fort Collins) 
10-14. International Congr. of Dietetics, 

3rd, London, England. (Miss D. F. Hol- ° 

lingsworth, British Dietetic Assoc. 251 

Brampton Rd., London, S.W.3) 

10-14. International Diabetes Federa- 

tion, 4th congr., Geneva, Switzerland. 
(B. Rilliet, Secretary General, 4 Boulevard 

des Tranchees, Geneva) 
10-14. Optical Instruments and Tech- 

niques, conf., London, England. (K. J. 

Habell, Natl. Physical Laboratory, Ted- 

dington, Middlesex, England) 

10-20. Plant Exploration and Introduc- 

tion, technical meeting on, Food and 

Agriculture Organization of the U.N.. 
Rome, Italy. (Intern. Agency Liaison 
Branch, Office of the Director General, 

Viale della Terme di Caracalla, Rome) 
10-24. Medical Electronics, 4th intern. 

conf., New York, N.Y. (L. E. Flory, David 

Sarnoff Research Center, Princeton, N.J.) 

11-25. World Meterological Organiza- 
tion, 3rd South American session, Rio de 

Janeiro, Brazil. (WMO, 1 Avenue de la 

Paix, Geneva, Switzerland) 

12-18. Radioactivity in Food and Agri- 
culture, Expert Committee on the Organi- 
zation of Surveys for FAO, Rome, Italy. 

(Intern. Agency Liaison Branch, Office 
of the Director General, Viale della Terme 

di Caracalla, Rome) 

13-14. Data Acquisition and Process- 

ing in Biology and Medicine, conf., Roch- 

ester, N.Y. (Office of Public Information, 
Univ. of Rochester, River Campus Sta- 

tion, Rochester 20) 

15-18. Life Insurance Medicine, 7th 
intern. congr., Lisbon, Portugal. (L. de 
Carvalho Cancella, Secretary, Parede, 

Portugal) 

16-18. British Congr. of Obstetrics and 

Gynaecology, 16th, Bristol, England. 
(Secretary, British Congr. of Obstetrics 

and Gynaecology, University Dept. of 

Obstetrics, Southmead Hospital, Bristol) 

16-22. International Soc. for Clinical 
and Experimental Hypnosis, Rio de Ja- 

neiro, Brazil. (ISCEH, 33 E. 65 St., New 

York 21) 
17-22. Soil Mechanics and Foundation 

Engineering, 5th intern. conf., Paris, 

France, (E. Caminade, Secretaire General, 

23 rue de Cronstadt, Paris 15) 

(See issue of 19 May for comprehensive list) 
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CELLS 

ards—Klett Reagents. 

GLASS ABSORPTION 
made 

by KLETT 

SCIENTIFIC A?PARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 

Klett Manufacturing Co. 
179 East 87 Street, New York, New York 

ad oe LOM RO’ LO) Mey 

Write for Bulletin No. 392 to: 

PHOTOVOLT CORP. 
1115 Broadway ° New York 10, N. Y. 

Also: pH Meters, Colorimeters, Densitometers 

PERSONNEL PLACEMENT 
CLASSIFIED: Positions Wanted 25¢ per 

word, minimum charge $4. Use of 
Number counts as 10 additional words. 
Payment in advance is required. 

COPY for ads must reach SCIENCE 2 weeks 
before date of issue (Friday of every 
week). 

DISPLAY: Positions Open. Rates listed be- 
low—no charge for Box Number. Rates 
net. No agency commission. No cash 
discount. Minimum ad: 1 inch. Ads over 
1 inch will be billed to the nearest 
quarter inch. Frequency rate will apply to 
only repeat of same ad. No copy 
changes. Payment in advance is required 
except where satisfactory credit has been 
established. 

Single insertion $40.00 per inch 
4 times in 1 year 38.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date of 
issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 
Science 
1515 a en 2 Ave., NW 
Washington 5, D.C. 

iii! POSITIONS WANTED jill 
Botany Ph.D. Experienced college teaching, re- 
Search, Box 119, SCIENCE xX 

Health Physics, professor or —_. Substantial 
ow experience, research, teach =e laboratory 

director. Box 117, SCIENCE x 

M.D., 32, full training in psychiatry plus 2 
years of ‘university training in biostatistics and 
psychiatric research techniques as research fel- 
low, seeks full-time position in Philadelphia, 
New Jersey, or New York City. Box 118, 
SCIENCE. 6/23 
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MM Posrrioxs waNreD (NI | (AMIN Foseri0Ns OPEN TnI 
Biochemist. Academic appointment. Research and 
teaching. Graduate faculty. Publications. Dr. 
J. H. Schneider, American University, Beirut, 
Lebanon. /28; 5/12, 26; 6/9 

Plant Science-Microbiology, Ph.D.; 5 years’ 
versity teaching-research; desires academic 
tion. Box 123, SCIENCE 

Medical Director, M.D., certified in internal 
medicine and in subspecialty. Desires position as 
medical director in field of occupational medi- 

uni- 
posi- 

cine or insurance medicine. Trained at Mayo 
Clinic and in university. Experience includes 
clinical + some and private practice. Box 
120, SCIENCE 6/16 

Research Technician, B S. chemist, female, 12 
years of “bench experience, recording UV 
spectrophotometer, chromatographic separations. 
Desires to work in bio-, organic chemistry, or 
natural products laboratories. Preferably New 
York City, New Jersey. Box 121, SCIENCE. X 

Virologist, Ph.D., experienced, diagnosis, .re- 
search, background research bacteriology. Wishes 
appointment East, 1 November. Box 122, 
SCIENCE. 

I 5 7 

WMI POSITIONS OPEN _|jiiiilill 
CLINICAL BIOCHEMIST 

Master’s or ‘Ph.D. degree preferred. Respon- 
sible directly to M.D., Director of Clinical 
Laboratories. Salary range $7000-$10,000 an- 
nually, experience given additional considera- 
tion; 500-bed, short-term general hospital in 
northeastern Ohio. Contact Director of Clin- 
ical Laboratories 

Aultman Hospital 

Canton 10, Ohio 

NEUROPHARMACOLOGIST 

® Requires Ph.D. 
physiology, 
physiology. 

® May have up to 5 years’ experience. 

® To conduct independent research in 
CNS pharmacology, including electro- 
encephalography, electrode implanta- 
tion, and neurosurgery. 

in pharmacology or 
emphasis in electroneuro- 

® Position is in expanding, dynamic, 
midwestern pharmaceutical company. 

Please send résumé and salary require- 
ment to Manager, Technical Employ- 
ment, Mead Joh & pany, 

Evansville, Indiana. 

All qualified applicants will receive con- 
sideration for employment without regard 
to race, creed, color, or national origin. 

VIROLOGIST 
Highly responsible position for Ph.D. level 
scientist to head modern virology labora- 
tory. Should have 3 years’ experience in 
virus research and tissue culture work and 
a good knowledge of the pathogenesis of 
human and animal virus diseases. 

Send detailed résumé and salary require- 
ments to Personnel Dept. 

Schering Corp. 
60 Orange St.—Bloomfield, N.J. 
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iii POStrtONS OPEN [iil — {illiililil| POSITIONS OPEN ill 

BIOCHEMISTS 
Ph.D. or M.S. with equivalent experience. 

Excellent opportunities for 3 outstanding Biochemists. 

academic background required in: 

Lipid metabolism and use of isotopes in various studies 

Clinical chemistry and Enzymology 

Isolation and characterization of protein 

Send resume to 

William J. Sumner 

Warner-Lambert Research Institute 

Morris Plains, New Jersey 

| 

Experience or 

it 

BIOLOGICAL 

SCIENTIST—Ph.D. 

Outstanding opportunity in research division of 
major Philadelphia pharmaceutical firm for 
Ph.D. in physiology or biochemistry. Important 
role in research and development of new thera- 
peutic agents including design of laboratory 
and clinical studies; interpretation of data and 
evaluation of clinical utility. Candidate should 
have good academic qualifications; ability and 
interest in working with both scientists and 
managemert; facility in oral and written com- 
munication. Opportunity to attend appropriate 
scientific meetings and to make outside con- 
tacts with other scientists and clinicians. Send 
complete résumé q salary req 
to: 

W. R. HALL 

Smith Kline & French 

Laboratories 

1598 Spring Garden Street, Philadelphia 1, Pa. 

All qualified applicants will receive considera- 

tion for employment without regard to race, 
creed, color or national origin. 

RESEARCH CHEMIST 

Excellent opportunity for research 
chemist to join a newly formed in- 

terdisciplinary team of psychiatrists, 

psychologists & chemists on a long- 

term research project on the bio- 

chemistry of mental illness. Ph.D. pre- 

ferred, M.S. considered. 

Apply Personnel Dept. 

MT. SINAI HOSPITAL 
2 East 100 St.. NY 29, NY 

(ni 
Predoctoral 
Medical Physics. 

ology, Medical Center, 
Los Angeles 24, California. 

FELLOWSHIPS 

and Postdoctoral Fellowships 

hysics, 

MiNi 
Opportunities are available to 

do graduate work in the basic medical sci 
Emphasis is on the fields of radiation bi 
radiation 
isotopes. 
9 

iences. 
ology, 

and the clinical use of radio- 
ellowship support is otered for study 

‘Ograms leading to the M.S. and Ph.D. degrees 
medical physics and also for postdoctoral re- 

search. Stipends vary with training and depend- 
ents. Write to Chairman, Department of 

2 

University of California, 
5/26; 6/9 

adi- 

OPTICAL & INFRARED 
PHYSICISTS & ENGINEERS 

Melpar’s Expanding Research Activities Offer 

Exciting Opportunities For The Research Sci- 
entist With New and Novel Approaches To 
Problems Involving 

OPTICAL & INFRARED 
SYSTEM DESIGN 

Present Areas of Investigation Are In: 

e BIOPHYSICAL INVESTIGATIONS RE- 
LATED TO INFRARED SENSING 

e@ PROPERTIES OF THE ATMOSPHERE, 
INCLUDING VERY LONG WAVE- 
LENGTH INVESTIGATIONS, SCINTIL- 
LATION AND ABSORBTION STUDIES 

e OPTICAL HETRODYNE STUDIES AND 
TUNABLE IRASERS 

e APPLICATIONS OF EXTREMELY HIGH 
ELECTROMAGNETIC FIELDS 

The experienced investigator will find at 
Melpar a research oriented environment 
with all the necessary experimental facili- 
ties. And he will be associated with a re- 
search group of nationally recognized 
stature. 

Send Resume 

In Complete Confidence To 

MELPAR, INC. 

3009 Arlington Boulevard, 

Falls Church, Virginia 

Attention Mr. F. J. Drummond 

All qualified applicants will receive considera- 
tion for employment without regard to race, 
ereed, color or national origin. 

| GAS CHROMATOGRAPHER | 
Wanted in San Francisco Area 

Mfr. of scientific instruments desires appli- 
cations chemist or physicist (Ph.D. preferred, 
B.S. minimum) with at least 2 yrs. current 
experience in advanced analytical proce- 
dures in gas chromatography. Work entails 
methods and procedures development for 
customer applications, as well as_ instru- 
mentation improvement "a R&D — 
Send resume to Zeno Mauvais, Research 
Specialties Co., 200 S. "“Scmes Bivd., Rich- 
mond, Calif. . 
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The Market Place 
I BOOKS AND MAGAZINES HI 

Your sets and files of 
scientific journals 

are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
periodical files you are willing to sell at me mar- 
ket prices. Write Dept. A3S, CANNER’S, Inc. 

Boston 20, Massachusetts 

= 
! FOR UP-TO-DATE INFORMATION ON 1 

GAS CHROMATOGRAPHY 

READ AEROGRAPH RESEARCH NOTES 

write for your 
free 

subscription 

' 
' 
' 

WILKENS INSTRUMENT & RESEARCH INC. ; 
Box 313-A ¢ Walnut Creek, Calif. H 

' 
@ wrocecen 

MAMMARY TUMORS IN MICE 

AAAS Publication No. 22. By the staff of 
the National ee _——— National In- 
stitutes of Health. . Moulton, 

Published 1945—Now offered at reduced price: 
$3. prepaid orders by AAAS _ members, 
$3.50 retail. Cloth, 20 tates, 52 illus. 

AAAS 
1515 Massachusetts Avenue, NW, 

Washington 5, D.C. 

4 

ill] PROFESSIONAL SERVICES _ |}jjj 
| LABORATORY SERVICES 

for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 

Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 

and Screening, Flavor Evaluation. 

Project Research and Consultation 

Write for Price Schedule 
P. O. Box 2217 © Madison 1, Wis, 

YOU NEED THIS FREE 

CATALOG FOR YOUR FILES 

of all kinds for technicians and tissue << 
culture laboratories. No salesman will call. 

COLORADO SERUM CO. 
4950 York St.* MAin 3-5373 * Denver 16, Colo. 

e HYPOPHYSECTOMIZED RATS 
Shipped to all points via Air Express 

For further information write 

HORMONE ASSAY LABORATORIES, Inc. 
8169 South Spaulding Ave., Chicago 29, 

1919 ~ 1961 

LaMotte Chemical 
Chestertown, Maryland, U.S.A. 

Specialists in 

Colorimetric Techniques 
Reagents-Standards-Comparators 

Send for Illustrated 
Controls Handbook Dept. H 

CHARLES RIVER *CD-1 
® (Caesarean-derived) 

@ anc 

SWISS ICR 

Hypophysectomies available 

THE CHARLES RIVER 
“tare MOUSE FARMS 
1018 Beacon St., Brookline 46, Mass., RE 42000 
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IT HAPPENED THIS MONTH... 
a glance at yesterday in relation to today 

IN JUNE—(1801)—a paper read before the Royal Society describes some 
experiments and observations on “spontaneous light”. Herring, mackerel, and 
other objects “that abound with spontaneous light in the latent state” do not 
emit such light when deprived of life. Contrary to what other authors have 
alleged, oxygen does not render this light more vivid than it is in atmospheric 
air. Azotic gas, on the other hand, is favorable to spontaneous light and helps 
preserve its emission and brilliancy, while hydrogen, carbonic acid gas, and 
sulphurated hydrogen gas act to extinguish it.! 

More refined methods now permit us to make more reliable observations of 
bioluminescence. No longer is it necessary to depend on herring or mackerel. 
Schwarz BioResearch has recently made available a Firefly Kit for convenient 
classroom demonstration of bioluminescence and for ATP assay. The Schwarz 
Firefly Kit provides 500 mg. of dehydrated firefly tails, 250 mg. of crystalline 
disodium ATP, plus comprehensive instructions and background information. 

IN JUNE—(1880)—R. H. Chittenden reviews recent work on the enzymatic 

breakdown of albumin. “... it is plain that by the first step in digestion the 
albumin molecule is resolved into its two parts [antialbumose and hemialbu- 
mose], the gastric juice then readily changing the hemialbumose into hemi- 
peptone, while the anti-group appears less susceptible to the action of pepsin, 
only a small portion of this group being changed into antipeptone, while the 
larger part, under the influence of the dilute acid, appears to be converted into 
partially insoluble products; but on reaching the intestinal canal these insoluble 
bodies, under the influence of the alkaline solution of trypsin, pass readily into 
solution and are digested with formation of antipeptone, which is readily 
absorbed, while the hemipeptone is further changed into crystalline decompo- 
sition products.” 

Today it is plain that many other proteolytic enzymes are involved in the diges- 
tion of albumin. Nevertheless, we still know almost nothing about the interme- 
diate breakdown products. If you are studying the enzymic cleavage and 
synthesis of peptide bonds, you should have copies of two Schwarz catalogs: 
our regular catalog lists all the biologically important amino acids — plain and 
labeled with C'4, N‘°, and S** ; a special catalog describes a long line of carboxy- 
amino acids, polyamino acids, polypeptides, and O'* — amino acid compounds 
produced by the Yeda Research and Development Company in Israel. Both 
catalogs are available upon request. 

IN JUNE—(1949)—a group at Columbia publishes some new micromethods 
for the detection and determination of tissue hexoses. In 1946, Dische had 

described a new color reaction of hexoses with cysteine and other tissue con- 
stituents. Now, he and his associates have developed two modifications which 
promise to be of considerable value for the investigation of polysaccharides in 
animal tissues, body fluid, and bacteria and for measurement of blood galactose.* 

If your micro, semi-micro, or macromethods involve either hexoses or sulfhy- 
dryls, you can probably obtain the compounds you need from Schwarz Bio- 
Research. We produce a large number of biologically important sugars, sugar 
phosphates and sulfhydryl compounds — plain or labeled with S** or C". 

1. Hulme, N.: A continuation of the experiments and observations on the light which is spontaneously emitted 
from various bodies; with some experiments and observations in solar light, when imbibed by Canton’s Phosphorus. 
Phil. Tr. Roy. Soc. London 91:403 (June 18) 1801. 2. Chittenden, R. H.: Report on progress in physiological 
chemistry, Am. Chem. J. 2:204 (June) 1880. 3. Dische, Z.; Shettles, L. B.; and Osnos, M.: New specific color 
reactions of hexoses and spectrophotometric micromethods for their determination. Arch. Biochem. 22:169 
(June) 1949. 
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You're looking at a perfect team in action... 
a skilled technician using the famed “820” 

Microtome and the New AO Knife Sharp- 

ener. This combination assures complete 

control over all the factors necessary for cut- 

ting consistently uniform serial sections. 

The AO Knife Sharpener provides on-the- 

spot facilities for honing and polishing knife 

edge and bevel. Operation is automatic; 
place knife in holder...set timer...flip the 

She’s Sharpening Knives... 
That’s right...she’s sharpening microtome 
knives with AO’s New Automatic Micro- 

tome Knife Sharpener while she busily cuts 

sections. 

switch. The unit stops automatically when 

sharpening cycle is completed. There’s 
never any need for further hand-honing or 

stropping. 

You always have sharp knives on hand to as- 
sure the optimum sectioning results that the 
820" Microtome is designed to produce, 

Ask your AO Sales Representative to show 

you how little it costs...to put this unex- 

celled sectioning team to work for you... 

to help you reduce expensive knife inven- 

tories and outside servicing. 

For further information or a convincing 
demonstration...write now. 

Dept. T-2 
Please send further information on AO’s sectioning team... 
“820” Microtome and New Model 935 Automatic Knife Sharpener. 

® American Optical () I would be interested in a demonstration. 

Wy) Company Non 
Address, 

INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 

re eee os 

IN CANADA write — American Optical Company Canada Ltd., Box 40, Terminal A, Toronto, Ontario 



oh 


